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The objective of this study was to determine whether or not the 
current practices for listing new endangered species were adequate to 
provide protection for species not yet legally endangered, but 
potentially in danger of becoming extinct. A case study was made of the 
salt marsh wandering shrew (Sorex vaerans halicoetes). now a candidate 
category 2 endangered small mammal found in the salt marshes of San 
Francisco Bay. 
Problems with the listing process include acquisition of the required 
biological data, preparation of status reports, compilation of listing 
packages, and the obtaining of all appropriate agency approvals. The 
process requires several years. Agencies give higher priority to tasks 
other than listing. Decisions for initiating listing are related to 
available manpower and the threat of impending development on particular 
parcels of land rather than on severely limited geographical range or 
other biological threats to the species survival. While a species is a 
candidate and not officially listed, there is no formal legal basis for 
protection of either it or its habitat. The status reports may not yield 
the suitable field data and may not be as cost effective as possible. 
Other problems include delays and obstacles in designating critical 
habitat, the potential for excessive costs in acquiring or protecting 
habitat, and ensuring that the endangered species act can be enforced 
when non-designated critical habitats are destroyed. 
This study concludes that the current practices for listing new 
endangered species are not adequate to provide protection for species 
that are not yet listed, but are in danger of becoming extinct. 
Recommendations to FWS for increasing protection of both candidate and 
listed species include 1) increases in full time employee manpower, 2) 
development of a program to hire seasonal, professional level 
biologists, 3) separation of responsibility between the Endangered 
Species program and Ecological Services Branch, 4) establishment of 
legal protection for endangered and threatened habitats, 5) encouragment 
of habitat protection by incentive programs, and 6) provision of legal 
protection for category 1 and 2 candidate species until listing is 
complete. 
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GLOSSARY 
Species are classified under definitions provided in the Endangered 
Species Act as "Endangered", "Threatened", or "Candidates" depending on their 
status and the degree of threat posed to the species. Habitat types are also 
defined in the Act. The terms which appear in this report in reference to 
species' status and its habitat are used as presented in the Endangered 
Species Act and are defined as follows: 
Species: The term "species" includes any subspecies of fish or wildlife 
or plants and any other group of fish or wildlife of the same species or 
smaller taxa in common spatial arrangement that interbreed when mature. 
Endangered Species: Any species which is in danger of extinction 
throughout all or a significant portion of its range. 
Threatened Species: Any species which is likely to become an endangered 
species within the foreseeable future throughout all or a significant 
portion of its range. 
Candidate Endangered Species. Category 1: Category 1 is comprised of 
taxa for which Fish and Wildlife Service has substantial information on 
hand to support the biological appropriateness of proposing to list the 
species as endangered or threatened. Development and publication of 
proposed rules on such species is anticipated. 
Candidate Endangered Species, Category 2: Category 2 is comprised of taxa 
for which existing biological information indicates that proposing to 
list these species as endangered may be appropriate, but for which con­
clusive data on biological vulnerability and threat are not currently 
available. 
Candidate Endangered Species, Category 3: Category 3 comprises taxa that 
are no longer being considered for listing as endangered or threatened. 
Such taxa are included in one of three subcategories depending on the 
reasons for removal from consideration. 
Category 3A: Taxa for which FWS has persuasive evidence that the 
species is extinct. 
Category 3B: Names that, based on current taxonomic understanding, 
do not represent taxa meeting the Act's definition of "species". 
Category 3C: Taxa that have proven more abundant or widespread than 
was previously believed, or those that are not subject to any 
identifiable threat. 
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Critical Habitat: (i) the specific areas within the geographical area 
occupied by the species, at the time it is listed ... on which are found 
those physical or biological features (I) essential to the conservation 
of the species and (II) which may require special management 
considerations or protection; and (ii) specific areas outside the 
geographical area occupied by the species at the time it is listed ... 
upon a determination by the secretary that such areas are essential to 
the conservation of the species" 
Occupied Habitat: Habitat which is currently occupied by a listed 
endangered or threatened species. 
Suitable Habitat: Habitat that has the potential to support listed 
endangered or threatened species, but within which the actual status of 
the species is unknown. 
Potential or Potentially Restorable Habitat: Habitat that does not 
currently support listed endangered or threatened species, but which does 
have the potential for supporting the species or can be restored to 
support the species. 
viii 
INTRODUCTION 
The Endangered Species Act of 1973 as amended provides a legal mechanism 
for protecting threatened and endangered wildlife and their habitats (16 USC 
1531 et seq.). Approximately 495 native American mammals, birds, reptiles, 
amphibians, fish, plants, and other lifeforms (as well as over 500 foreign 
species) have been placed on the U.S. List of Endangered and Threatened 
Wildlife and Plants, and now receive protection under the act. 
The protection of endangered species and their habitats has become a 
volatile issue in areas where the interests of development and those of 
species or habitat survival come into conflict. One location where this issue 
is highly controversial is in the lands surrounding the salt marshes of San 
Francisco Bay. Several industrial, commercial, residential, recreational, and 
utility developments have been stopped or seriously delayed by the presence, 
or suspected presence of endangered species such as the salt marsh harvest 
mouse (Reithrodontomvs raviventris) in or near development sites. 
Although the Endangered Species Act provides adequate protection for 
officially listed threatened and endangered plant and animal species, there 
appear to be legal, social, and economic problems with implementation of the 
Act. The designation of a new species to the list of those already endangered 
is one of the problems. 
In most cases, the listing of new species is warranted for sound and 
scientifically proven reasons such as limited population distribution which 
combined with limited habitat availability leads to threat of extinction. 
In some cases, however, the decision to pursue listing may be tied to an 
immediate threat to a particular area or parcel of land. In others, the 
decision to proceed to listing may be implemented to increase the number of 
species legally protected in a particular habitat. All of these may be valid 
reasons for listing a new endangered species. However, legal protection may 
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take years to come to fruition. 
The U.S. Fish and Wildlife Service (FWS), the agency responsible for 
managing endangered species, is often underfunded and too understaffed to 
provide in depth assessments of each species proposed for listing. Often, the 
status survey or investigation of a candidate species is contracted out to 
private firms or individuals. FWS personnel are then responsible for reviewing 
the status report and initiating the listing procedure, if warranted by the 
biological data available for the species. 
It could be suggested that the existing process to list new species is 
not the most appropriate and effective means of ensuring that accurate and 
adequate biological data is obtained. If that is so, a future decision to 
list the species based on inadequate data might not be appropriate. In 
addition, it must be remembered that those species which are not yet listed 
but still are in danger, are not provided adequate protection during the 
listing process. 
The research question for this study focused on determining whether 
current practices for listing new endangered species are adequate to provide 
protection for species that are not currently listed as endangered, but are in 
danger of becoming extinct. 
To answer this question, the process by which a listing is sought is 
examined as a case study. The species chosen for review is the salt marsh 
wandering shrew (Sorex vaerans halicoetes). a small insectivorous mammal that 
lives in the salt marshes of San Francisco Bay. Also included in the study is 
an evaluation of the management decisions associated with the listing of 
endangered species, an assessment of the process, and recommendations for 
change. 
The major goals of the study were as follows: 
1) Provide a description of the process for listing a species; 
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2) Describe the types of information that are required by FWS to 
initiate a listing procedure by using the case of the salt marsh 
wandering shrew as an example; 
3) Explain and evaluate whether the information that FWS requires is 
adequate and appropriate to assess the status of the organism; 
4) Explain and evaluate what management decisions and agency 
considerations are involved when an animal is reviewed for an 
official status change, and how those decisions affect the selection 
of one particular status assessment over another; 
5) Explain and evaluate whether listing of individual species is the 
most appropriate method for ensuring their continued existence, or 
whether other methods may be more appropriate. 
METHODOLOGY 
To meet the goals described in the previous section, this study was 
designed to provide a case study of the listing process for the salt marsh 
wandering shrew. As a staff biologist for a consulting firm, I have had an 
opportunity to conduct several surveys for endangered and candidate endangered 
species throughout the San Francisco Bay area. Formal and informal 
consultation with FWS and other agencies is typically required for most of 
these surveys. In 1985, I was assigned as the principal researcher to prepare 
a status report for the salt marsh wandering shrew. I was responsible for all 
literature review, the field surveys, writing the report, and coordinating 
with FWS. It is from this experience that this study was derived. 
In addition to preparing the status report, the legal status of the salt 
marsh wandering shrew was tracked for two years following submittal of the 
report to FWS. Interviews with FWS personnel were conducted to assess the 
status of the listing procedure and to obtain updated information generated 
about the shrew. The shrew remained as a candidate category 2 species for the 
entire two years. In July 1987, the Sacramento Endangered Species Office 
petitioned Washington to raise the level of the shrew from category 2 to 
category 1. However, as of July 1988 the shrew remained a category 2 
candidate species. 
In addition to the contacts with FWS, endangered species experts from 
other agencies such as the California Department of Fish and Game (CDFG), 
Environmental Protection Agency (EPA), and Army Corps of Engineers (Corps) 
were interviewed over a three year period. Various county and local planners, 
engineers, land developers, and members of organizations such as Audubon 
Society and Sierra Club were also interviewed. 
Field work, including live trapping studies for the shrew, was initiated 
in 1985 as a part of the status survey project. Prior to conducting any field 
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work, all locations of known populations of salt marsh wandering shrew were 
located and precisely mapped on appropriate 7.5 minute U.S. Geological Survey 
Quadrangle maps. Locations were based on review of museum records, literature 
sources, file information, field notes, discussions with known authorities on 
the species, and past survey records. Specific locations of each site were 
legally described, and included the source of the record, date of observation, 
and other relevant information. The set of USGS maps on which the locales were 
recorded is currently on file with the FWS Sacramento Endangered Species 
Office. 
A field inventory of remaining suitable habitats was conducted in Novem­
ber and December 1985. This time period was recommended by experts from FWS, 
the University of California at Davis, and California State Stanislaus (Mr. T. 
Rado, FWS; Dr. R. Rudd, UC Davis; Dr. D. Williams, C.S.U. Stanislaus, pers. 
comm.). Nine locations within the range of the salt marsh wandering shrew were 
trapped in an effort to obtain data on current distribution and status of the 
species. One hundred Sherman live traps (3" x 3" x 9") were baited with a 
mixture of peanut butter, rolled oats and bird seed, and placed along linear 
transects at each site. Up to three transects totaling 50 stations were placed 
at each site with the length of each transect dependent on the extent of 
suitable habitat at the trapping location. Trapline locations and results of 
the trapping effort are provided in the appendix. Two traps were set per 
station, with stations set approximately 10 yards apart. The traps were placed 
directly on the ground, in middle elevation salt marsh habitats, usually under 
cover of vegetation or driftwood. Traps were checked for three consecutive 
mornings, and rebaited when necessary. Cover, such as planks, logs, and 
driftwood was turned in order to locate and observe shrews not captured in the 
traps. All animals captured were identified to species and immediately 
released. Pit traps, commonly used to inventory shrews, were not used because 
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of the potential danger to the endangered salt marsh harvest mouse. 
Field notes were kept and included descriptions of the trap site, habitat 
components and condition, number of trap nights per site, numbers and descrip­
tions of other species captured, and incidental data such as weather, cloud 
cover, temperature, time and date. 
The extent of habitat modification which has taken place within the range 
of the subspecies was evaluated. Acreage estimates were obtained for existing 
and historic marshlands using a digital planimeter to measure areas delineated 
on the USGS maps. Historic marshland boundaries were extrapolated from Nichols 
and Wright (1971), and represent the approximate extent of natural, tidal 
marsh in 1850. 
Four 35mm color slides were taken at each survey site to document condi­
tions and show representative habitat features. Each slide was labeled with 
the name of the investigator, date, location by legal description, and 
condition of habitat. 
Upon completion of the field inventory and data analysis, and after 
collection of all pertinent literature relating to the life history, distribu­
tion, and threats to the salt marsh wandering shrew, a report was prepared for 
submittal to FWS entitled "A Review of the Population Status of the Salt Marsh 
Wandering Shrew, Sorex vaerans halicoetes" (WESCO, 1986b). 
LISTING PROCEDURE 
GENERAL 
The first objective of this study is to describe the listing process. The 
following discussion provides a description of the procedures used by FWS for 
listing plant and animal species as outlined in the Endangered Species Act and 
FWS policies and regulations. 
The Endangered Species Act of 1973 as amended formalized the listing 
process. Species listing or a change in listed status begins either on the 
initiative of the agency having jurisdiction to protect the species - FWS for 
terrestrial and freshwater species or National Marine Fisheries Service (NMFS) 
for marine species - or with the filing of a formal petition by a private 
party. The appropriate Secretary (Interior for FWS or Commerce for NMFS) must 
respond to petition requests within 90 days and must determine whether to 
propose the species for listing within the following nine months (Drabelle 
1985). To list a species, the FWS follows a legal process known as a 
"rulemaking procedure". This procedure is followed by all federal agencies to 
propose and later adopt regulations that have the effect of law and apply to 
all persons and agencies under the jurisdiction of the United States. 
When biological evidence concerning a species' status is conclusive 
enough to justify a listing proposal, the Secretary of Interior, through the 
FWS, publishes a public notice in the Federal Register and notifies the 
Governor of each state within which the species is then known to occur that 
listing of the species as endangered is being contemplated. Each state and any 
interested persons then has 90 days after notification to submit comments and 
recomendations. 
The Secretary is required to utilize the following criteria when consi­
dering whether a species is threatened or endangered: (1) the present or 
threatened destruction, modification, or curtailment of its habitat or range; 
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(2) overutilization for commercial, recreational, scientific, or educational 
purposes; (3) disease or predation; (4) the inadequacy of existing regulatory 
mechanisms; or (5) other natural or man-made factors affecting its continued 
existence (16 USC 1531, sec.4). A species is added to the list when it is 
determined that its existence is threatened by one or more of these factors. 
The listing procedure involves the public, the scientific community, the 
states, other federal agencies, and sometimes foreign governments. To make 
sure that all interested persons are aware of a proposal, FWS issues news 
releases and special mailings, and informs the scientific community and other 
Federal and State agencies of the notice. Legal notices are published in 
newspapers serving the affected area and include summaries of any proposed 
critical habitat. 
When a species is proposed for endangered or threatened status, the areas 
essential to its survival or conservation are also suppose to be proposed 
for protection as "critical habitat". Designation of critical habitat has 
occurred for only 64 of the 495 listed threatened or endangered species found 
in the United States. None has been designated for endangered species found 
around San Francisco Bay (P. Sorenson, FWS, pers. comm.). If the proposal 
includes critical habitat designations, FWS typically holds a public meeting 
on the proposal within the area in which particular critical habitats are 
located. A more formal public hearing may be requested by any member of the 
public. Requests must be made in writing no later than 15 days after a 
scheduled public meeting. 
Following the public comment period the information received is assessed 
by FWS and the Secretary of Interior. The Secretary is then required, within 
12 months, to propose a ruling of either listing or not listing the species. 
The Secretary's decision must be based on the best available biological data. 
From 1980 to 1982 economic impacts of listing also had to be addressed. 
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The basis for this was found in Section 4(b)(2) of the Endangered Species Act. 
This section directs the Secretary of Interior to consider the economic 
impacts of designating any area as critical habitat and permits him to 
"exclude any area from critical habitat if he determines that the benefits of 
such exclusion outweigh the benefits of specifying such areas as part of the 
critical habitatAlthough this directive appeared to be limited to critical 
habitat determinations, the administration interpreted it in conjunction with 
President Reagan's Executive Order 12291, which called for a documented 
determination of the economic impacts of all federal agency rule-makings 
(Drabelle 1985). 
This required FWS to produce volumes of impact assessments for proposed 
listings, and as a result, the number of species listed from 1981 to 1983 
dropped considerably. The rule appears to have been unnecessary since FWS 
never determined that merely listing a species would result in significant 
economic impacts. 
In 1982, Congress clarified its intent by stating that listing decisions 
are to be made solely on the basis of biological data and by directing the FWS 
to prepare annual progress reports on the efforts to reduce the backlog of 
species proposed for listing (Drabelle 1985). FWS subsequently has determined 
that merely listing a species has no significant adverse environmental 
impacts, and as such is not under the jurisdiction of the National 
Environmental Policy Act (NEPA) and does not require preparation of 
Environmental Assessments. These clarifications of the process have resulted 
in a substantial decrease in the paperwork required for each listing (although 
the amount is still voluminous). This decrease in paper burden has resulted in 
increased listings over the past 5 years. 
For example, in 1981, only four species were added to the list (one snail 
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and three plants). In 1982 and 1983, seven and twentythree species were added 
respectfully. In 1985, 59 species were added to the list. By the end of 1987, 
57 new species were either added to the list, or proposed for listing 
(Chandler 1988, Bean 1986, Drabelle 1985). Figure 1 shows the total number of 
species listed as threatened or endangered for each fiscal year since 1967. 
The congressional directives did not rescind Executive Order 12291 nor 
did the directives remove the necessity to conduct an economic impact analysis 
for determining critical habitat. This may be one of the primary reasons that 
critical habitat has been defined for only a few of the listed species which 
have been listed in the past eight years. 
Originally, a final regulation designating critical habitat was to have 
been published concurrently with the final regulation implementing endangered 
status for the proposed species. (The Secretary now has more flexibility in 
designating critical habitat, and is allowed to decide not to designate 
critical habitat.) Critical habitat includes areas of land, water, and air 
space required by an endangered or threatened species for its normal needs 
and survival. Usually, critical habitat includes only the habitat occupied by 
a species during some part of its life cycle. Occasionally, areas outside of 
the species' current range are also included when they are considered 
essential to the species' conservation or survival. 
The following criteria are considered when designating critical habitat: 
(1) space for individual and population growth and for normal behavior; (2) 
food, water, air, light, minerals, or other nutritional or physiological 
requirements; (3) cover or shelter; (4) sites for breeding, reproduction, 
rearing of offspring, germination, or seed dispersal; and (5) habitats that 
are protected from disturbances or are representative of the historic 
geographical and ecological distributions of listed species. 
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Anyone, including FWS or members of the public, may petition to have a 
species placed on the List of Endangered and Threatened Wildlife and Plants. 
The Endangered Species Act requires that substantial information to warrant 
review must be included with a petition. When biological evidence concerning a 
species' status is not conclusive enough to justify a listing proposal, the 
process may begin with publication of a "notice of review", soliciting more 
information on the species from any source. 
When information is sufficient to warrant listing consideration, the FWS 
publishes a "proposed rulemaking" in the Federal Register, proposing to list 
the animal as either threatened or endangered and, if appropriate, to des­
ignate critical habitat for the species. 
SALT MARSH WANDERING SHREW 
On September 18, 1985, the FWS published a notice of review for several 
species of vertebrate wildlife (U.S. Fish and Wildlife Service 1985). This 
list included the salt marsh wandering shrew. The shrew was listed as a 
category 2 candidate endangered species. 
In the fall of 1985, the FWS Sacramento Endangered Species Office 
provided funding to conduct a status survey of the salt marsh wandering shrew. 
The purpose of the study was to: (1) obtain information on the distribution 
and extent of populations and habitats of the salt marsh wandering shrew; (2) 
determine if additional populations exist in seemingly favorable habitats 
within the geographic range of the subspecies; (3) ascertain the degree of 
threat to the subspecies from man-induced and natural factors; (4) provide 
specific recommendations regarding the status of the subspecies and future 
management of populations and habitats; and (5) utilize published and 
unpublished literature, discussions with previous investigators, and field 
trapping data to prepare a report to FWS to facilitate an official review of 
status and possible listing proposal. 
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In early 1986 a report was prepared to provide FWS with the biological 
information necessary to assess the status of the salt marsh wandering shrew 
(WESCO 1986). The format followed that recommended by FWS in their Request for 
Proposals, and was consistent with status reports prepared for other candidate 
species. 
The following section includes excerpts from the WESCO (1986) study and 
explains the various types of information gathered for the status survey. 
CASE STUDY 
GENERAL 
The status report prepared for the salt marsh wandering shrew (WESCO 
1986) was a detailed synopsis of all available biological information known 
about the species, its habitat requirements, and its distribution. It was not 
designed as an official listing package, but rather as a support document from 
which FWS staff made the decision to proceed with listing. The information 
provided in this section is included as an example of the types of information 
FWS requests (and requires) to make decisions on whether or not to proceed 
with the listing process. 
Field data used for the status survey were obtained from selective 
trapping of suitable salt marsh habitats and from a review of the results of 
previous trapping studies within the known range of the shrew. The scope of 
the field surveys were limited by budget and time constraints identified by 
both the consultant and FWS. 
The guidelines for preparing the status survey are based on language 
within the Endangered Species Act, Executive Orders, and congressional 
directives. For example, the guidelines for evaluating the degree of threat to 
the species are direct requirements outlined specifically in the Endangered 
Species Act. In order to provide a sound biological basis for listing as 
required by congressional directives, the guidelines also include requests for 
basic information on the ecology and life cycle requirements of the species in 
question. 
Following are excerpts from the WESCO (1986) report prepared under 
contract to FWS. The report is annotated with discussions of the guidelines 
used to prepare it, and the format is that specified by FWS. 
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CLASSIFICATION AND NOMENCLATURE 
The biological information on the species begins with classification and 
nomenclature. This section provides the currently accepted scientific name of 
the species, pertinent synonyms or other names the species has been known by, 
and any common names used by local residents, field guides, and the general 
public. Family classification is also provided together with any appropriate 
major group name. The salt marsh wandering shrew was reported as follows: 
Species or Infrasoecific Taxon 
1. Scientific name: 
Sorex vaarans halicoetes. Grinnell, 1933. 
2. Pertinent svnonvms: 
None. 
3. Common names: 
Salt marsh wandering shrew (name for subspecies). 
Wandering shrew (name for species as a whole). 
Vagrant shrew (name for species as a whole). 
Family Classification 
1. Family: Soricidae. 
Higher Taxonomic Groups: 
1. Order Insectivora. 
2. Class Mammalia. 
Current alternative taxonomic treatments are also reviewed. These may 
include the historical application of the name and concept of the taxon. 
Particular consideration is given to recent monographs, revisions, and 
checklists. 
Grinnell (1913) originally described the salt marsh wandering shrew as a 
distinct species, Sorex halicoetes. He noted that the near relationship of 
halicoetes with the vagrans complex seemed probable. Separation of the 
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species was based primarily on pelage coloration (halicoetes is notably 
darker). Examination of skulls revealed "no differential features of moment" 
between vagrans and halicoetes (Grinnell 1913). Jackson (1928) suggested that 
the relationship warranted a change of status to subspecific level for 
halicoetes. Grinnell (1933) agreed, and the taxonomy has since remained in 
use by several authors (Findley 1955; Hennings and Hoffman 1977; Williams 
1979; and Hall 1981). 
PRESENT LEGAL STATUS 
Present designated or proposed legal protections or regulations are 
described from the federal, state, and local levels. For example, Sorex 
vagrans halicoetes is not listed as a rare or endangered species under 
California's endangered species legislation (C.A.C., Title 14, Sec. 670.5). 
The salt marsh wandering shrew has been listed as a "Mammalian Species of 
Special Concern" by the California Department of Fish and Game (Williams 
1981). This listing offers no legal protection to the species or its critical 
habitat, but it does direct management actions at determining population 
status and threats to survival. 
DESCRIPTION 
A brief nontechnical description of the animal is provided in language 
that is specifically required to be understandable to the nonspecialist. 
Characteristics are also presented which are used to separate the species of 
concern from other similar species. Photographs or line drawings are included 
if available. 
The salt marsh wandering shrew is a member of one of the oldest living 
orders of mammals, Insectivora. The shrews are about the size of a small 
mouse (3.5 - 4.5 inches), with a long, pointed nose, small eyes, external 
ears, and a well developed scaly tail (1.4 - 1.7 inches). The most unique 
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characteristic of Sorex vagrans halicoetes is its color. The hairs are slate 
black at their base, and are typically a very dark, deep bistre changing to 
sooty seal brown on the back, and almost black on the rump (Grinnell 1913). 
Most other shrews in California are a lighter gray or deep brown color. The 
belly of S. v. halicoetes is brown and slightly paler on the chin and throat. 
The feet and tail are a uniform dull sepia and the whiskers are black. The 
ears are fringed with brown hairs and are in marked contrast with the dark 
back and the rest of the head. 
Skull characteristics and geographical distribution are also important in 
separating S. v.. halicoetes from other similar species. S. v.. vagrans is 
typically lighter in color and is not found in tidal salt marsh habitats. The 
Suisun shrew (S. ornatus sinuosis) probably most closely resembles S. v. 
halicoetes. but is found only in the marshes of the northern portions of San 
Pablo and Suisun bays. S. o. sinuosis is also a bit larger and has a flatter 
cranial outline. S. v. paludivagus is similar in coloration, but lives only in 
the salt marshes around Monterey Bay, California. Other melanistic forms of 
Sorex known from salt marsh habitats include S. o. salarius from Monterey Bay, 
California, S. o. salicornicus from Santa Barbara, California, and S. v_. 
vagrans from Lopez Island, Washington (Jackson 1928; Green 1932; Hall 1981). 
Grinnell (1913), Jung and Hoffman (1981), and Hall (1981) provide excellent 
comparative descriptions. 
BIOLOGICAL SIGNIFICANCE 
The guidelines for preparing the status report are vague about this 
section. The researchers are requested to simply describe the biological 
significance of the species. 
The salt marsh wandering shrew is a relatively rare inhabitant of the 
salt marsh ecosystem of the San Francisco Bay. Johnston and Rudd (1957) 
determined that the shrews represented about 10 percent of the small mammals 
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in the marshes and were less abundant than Mus. Rattus. Microtus and 
Reithrodontomvs. 
The shrew is a carnivore and a predator on small insects and crustaceans. 
Nest construction by the shrew may assist in salt marsh plant seed dispersal. 
After the young have dispersed, shrew nests may be utilized by other small 
mammals such as the endangered salt marsh harvest mouse (Reithrodontomvs 
raviventris). The shrews may also occasionally serve as prey for several 
predators such as short-eared owl (Asio flammeus). northern harrier (Circus 
cvaneus). and black-shouldered kite (Elanus leucurus). 
The salt marsh communities around San Francisco Bay provide a unique 
ecosystem which is noted for producing a variety of unique and endemic species 
and subspecies. These include salt marsh harvest mouse, California clapper 
rail (Rallus longirostris obsoletus). salt marsh yellowthroat (Geothlvpis 
trichas sinuosa). San Pablo vole (Microtus californicus sanpabloensis). and 
Suisun shrew. The salt marsh wandering shrew has adapted to a similar life of 
salt marsh dependence. 
GEOGRAPHICAL DISTRIBUTION 
General Geographic Distribution. 
A summary is presented of the current and past geographical range of the 
species. County distribution maps are included. The historic distribution of 
the salt marsh wandering shrew has been summarized by Williams (1981) and Hall 
(1981). Very little is known about the species and distribution records are 
found mostly from museum specimens and as extraneous data from salt marsh 
harvest mouse surveys. The salt marsh wandering shrew was historically found 
throughout most tidal Salicornia marshes of San Francisco Bay from San Pablo 
south along the Bay margin through Oakland, Hayward, and Alviso, then north 
through Palo Alto, Belmont, and South San Francisco. Figure 2 depicts the 
historic distribution of the subspecies. 
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Past locations, based on examination of museum records, available 
literature, and prior salt marsh trapping data, are listed below in the manner 
they were originally described. The descriptions are formatted as follows: 
location, number of specimens, (museum or reference). Museums and references 
were listed in separate sections of the status report. 
Contra Costa Countv: Giant (Atlas Powder Company marsh), 1 (MVZ); 3 mi 
NE Oakley, E side Grizzly Island, 1 (MVZ); mouth San Pablo Creek, 1 (MVZ); San 
Pablo Creek salt marsh, 29 (MVZ); San Pablo marsh, Richmond (Johnston and Rudd 
1955); Salt marsh 3 mi N. Richmond, 1 (CM); Salt marsh 4 mi N. Richmond, 1 
(CM). 
Alameda Countv: 1 mi N. Bay Farm Island, Melrose Marsh, 1 (MVZ); 
Berkeley, 1 (USNM); Dumbarton Point, 1 (KU); Elmhurst, 4 (MVZ); Hayward, 1 
(MVZ); Hayward Landing, end of Russell City Road, 6 (MVZ); Melrose, 1 (MVZ); 1 
mi NW Newark, 1 (MVZ); Oakland Airport, 1 (MVZ); S. side Oakland Airport, 12 
(MVZ); West Berkeley, 1 (USNM); Alameda Creek mouth, 8 (Gilroy and Shellhammer 
1980); Newark Slough, 2, (Newcomer 1982); Newark Central, 1, (Gilroy and 
Shellhammer); Mowry Slough west, 2 (Gilroy and Shellhammer 1980); Mowry 
Slough, 4, (current study 1985); Alameda Creek mouth, 2, (current study 1985); 
Dumbarton Point, 1 (current study 1985). 
Santa Clara Countv: 1.75 mi NE Alviso, 79 (MVZ); Los Esteros Road, 0.5 
mi NE Alviso, 20 (MVZ); 1 mi SSW Alviso, 3 (MVZ); County Line between Santa 
Clara and San Mateo counties, on Bay between Palo Alto and Redwood City, 2 
(CM); Palo Alto, 7 (MVZ), 3 (USNM); New Chicago Marsh II, Alviso, 2 (Zetter-
quist 1976). 
San Mateo Countv: No specific locality, 1 (MVZ); Belmont, 1 (MVZ), 2 
(USNM); 0.9 mi NE Colma, 17 (CAS); 0.5 mi S. Chinese Cemetery, Colma, 1 (CAS); 
Colma, 1 (CAS); W. Approach Dumbarton Bridge, 3 (MVZ); Juncitas, 1 (SDSNH); 
Menlo Park, 1 (SDSNH); Pacifica, 0.25 mi E. Westview, 1 (CAS); Woodside, 1 
(SDSNH); Greco North, 3 (Gilroy and Shellhammer 1980); Greco South, 6 (Gilroy 
and Shellhammer 1980); Belmont, 1 (Gilroy and Shellhammer 1980); Bair Island, 
2 (current study 1985). 
San Francisco Countv: Lake Merced, 1 (CAS); San Francisco, 4 (CAS), 1 
(MVZ), 4 (USNM); Presidio, San Francisco, 1 (CAS). 
Precise Occurrences 
A discussion of the precise occurrences of the species is also included. 
S. v. halicoetes is currently limited in its distribution to the scattered, 
isolated remnants of native tidal salt marsh surrounding San Francisco Bay 
(Grinnell 1933, Hall 1981, Jackson 1982). Only 4 individual marshes have been 
identified within the historic range of the species as currently supporting 
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populations of the salt marsh wandering shrew. All are natural tidal marshes 
and are shown on Figure 3. Fifteen additional marshes have been identified as 
likely supporting salt marsh wandering shrew populations and are also shown on 
Figure 3. 
Administrative units were delineated on the 7.5 minute USGS quadrangles 
that accompanied this report. These units were derived by FWS staff and the 
author to tabularize species distribution information in narrower geographic 
regions than by county. Figure 4 shows the locations of the administrative 
units. Table 1 describes the units and lists approximate acreages of tidal, 
diked, and historic marshlands for each unit. Historic marsh margins and 
coastlines were identified and plotted from Jones and Stokes (1979), Nichols 
and Wright (1971), and USDA (1917). Historic marsh was plotted on USGS 
quadrangles. Total area of historic marsh was calculated for each 
administrative unit using a digital planimeter to measure area off the USGS 
maps. Estimates of habitat lost in each administrative unit were obtained by 
subtracting the area of remaining habitat from the area of historic habitat. 
Legal descriptions using section, township, and range designations have 
been used to identify habitat locations within the administrative units. 
Since most of the USGS topographic maps which were used did not include survey 
lines for most sections, these descriptions are tentative. Most section lines 
were extrapolated from the few that were printed on the maps, and are not 
drawn to USGS standards. Geographical data is organized under four headings: 
1) Populations currently or recently known extant; 
2) Populations known or assumed extirpated; 
3) Historically known populations where the current status is unknown; 
and 
4) Locations not yet investigated but believed likely to support 
additional natural populations. 
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Table 1 
Acres of  Tidal ,  Diked,  and Historic Salt  Marsh Habitats  within 
the Current  Range of Sorex vagrans halicoctes 
Unit  Unit  
Number Name 
USGS7.5 '  
Topographic Quad 
Acres of  Salt  Marsh Habitats  
Tidal  Diked Historic 
(ca.  1850) 
SF-1 Presidio 
SF-2 San Francisco 
SM-1 San Francisco 
Airport  
SM-2 San Mateo 
SM-3 Belmont 
SM-4 Bair  Is land 
SM-5 Westpoint  
Slough 
SM-6 Ravenswood 
SM-7 Cooley Landing 
SC-1 East  Palo Alto 
SC-2 Guadalupe 
Slough 
SC-3 Alviso Slough 
SC-4 Alviso 
SC-5 Coyote Creek 
San Francisco N. 
San Francisco N. 
San Francisco S.  
San Francisco S.  
Montara Mountain 
San Mateo 
San Mateo 
San Mateo 
Redwood Point  
Redwood Point  
Palo Alto 
Redwood Point  
Palo Alto 
Redwood Point  
Palo Alto 
Palo Alto 
Mountain View 
Mountain View 
Mountain View 
Milpitas 
Mountain View 
Milpitas 
Mountain View 
Milpitas 
Milpi tas 
240 240 
10 
89 
254 
597 
759 
107 
136 
295 
155 
97 
224 
269 
208 
40 
20 
46 
318 
184 
490 
165 
240 
744 
3392 
3188 
5177 
3752 
3303 
2138 
398 
3267 
3836 
2548 
2602 
3726 
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Table 1 
(Continued) 
Acres of  Tidal ,  Diked,  and Historic Salt  Marsh Habitats  within 
the Current  Range of Sorex vagrans hal icoetes 
Unit  Unit  USGS 7.5 '  Acres of  Salt  Marsh Habitats  
Number Name Topographic Quad Tidal  Diked Historic 
(ca.  1850) 
AM-1 Albrae Slough 
AM-2 Mowry Slough 
AM-3 Dumbarton 
Point  
AM-4 Ideal  Cement 
Marsh 
AM-5 Alameda Flood 
Control  
AM-6 Baumberg Tract  
AM-7 Hayward Coast  
AM-8 San Leandro 
AM-9 Oakland 
Airport  
AM-10 Alameda 
AM-11 Berkeley 
CC-1 Richmond 
CC-2 San Pablo 
CC-3 Sobrante 
Milpi tas 
Mountain View 
Mountain View 
Newark 
Mountain View 
Newark 
Newark 
Newark 
Redwood Point  
Newark 
Redwood Point  
Redwood Point  
San Leandro 
San Leandro 
San Leandro 
Oakland East  
Oakland West  
Oakland East  
Oakland West  
Oakland West  
Richmond 
Richmond 
Richmond 
San Quentin 
Mare Island 
Mare Island 
207 
830 
768 
150 
254 
358 
50 
10 
47 
82 
89 
89 
495 
125 
130 
18 
68 
464 
154 
531 
2 1 2  
334 
64 
3726 
5486 
2546 
1567 
4655 
4512 
1897 
1446 
3721 
1940 
167 
407 
2414 
209 
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The information is supplemented with the pertinent U.S. Geological Survey 
maps which were prepared to include all known collection and observation 
locations, references, dates observed (if available), and suitable habitat. 
Museums and collections are identified in the Appendix. The records were 
summarized in the status report and included the following information (if 
available): 
Location. Number of specimens, (references or museum collection), date, 
legal descriptions of locations, USGS quadrangle map, amount of habitat 
available, administrative unit. 
Numerous marshes have been surveyed since 1971, primarily for the salt 
marsh harvest mouse. Shrews have occasionally been captured during these 
surveys, but have typically not been identified to the subspecific level. It 
would be inappropriate to assume that all Sorex captured were S. v. 
halicoetes. Trappers who conducted the harvest mouse surveys collected 
several shrews for future identification and stored the specimens at San Jose 
State University. Storage problems have since rendered these specimens 
unidentifiable (Dr. H.S. Shellhammer, pers. comm.). 
All known Sorex captures were plotted on the 7.5 minute USGS topographic 
maps that accompanied this report. Only those sightings known to actually be 
S. v. halicoetes are listed below as extant. Other Sorex or Sorex vagrans 
records which occur in optimum habitat conditions are listed as "likely 
present." The remaining captures recorded only as Sorex spp. are listed as 
"status unknown." 
1. Populations Currently Known Extant 
Salt marsh wandering shrews were identified during field studies for the 
status survey by observation while turning cover. None were captured in live-
traps. Identification of the shrew in the field is based primarily on pelage 
color and size. The salt marsh wandering shrew is jet black in color and the 
only other shrew in the region (Sorex vagrans vagrans) is lighter brown. The 
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only other small mammals of similar size as a salt marsh wandering shrew 
present in salt marsh habitats around San Francisco Bay are house mouse (Mus 
musculus). salt marsh harvest mouse, western harvest mouse (Reithrodontomvs 
megalotus), and deer mouse (Peromvscus maniculatus). All of these small 
mammals are significantly lighter in color, and do not resemble the shrew. 
FWS staff were notified of the lack of trapping success about half way 
through the trapping study. Turning cover was identified by the author and FWS 
as an acceptable alternative method to survey for the shrew. The method was 
first described by Johnson and Rudd (1957) as a means to locate shrew nests. 
The following are descriptions of the four locations in which salt marsh 
wandering shrews were observed during the field surveys for the status report. 
Trapping locations and results are provided in the Appendix. 
Bair Island. 1 observed. Sl/2 Sec. 32, SW1/4 Sec. 33 T4S R3W; NW1/4 Sec. 
4 T5S R3W; Redwood Point 7.5 min. quad.; Unit SM4; approximately 160 
acres tidal salt marsh; only known record, 1985 (current study). 
Mowrv Slough. 4 individuals observed. SW1/4 Sec. 13, Sec. 14, Sec. 24 T5S 
R2W; Sec. 18, Sec. 19 T5S R1W; Mountain View 7.5 min. quad; approximately 
350 acres tidal salt marsh on outboard edge of dike; Unit AM2; last known 
record, 1985 (current study). 
Dumbarton Point. 2 individuals observed. NE1/4 Sec. 17, Nl/2 Sec. 16, 
Sec. 9 T5S R2W; Mountain View and Newark 7.5 min. quad; approximately 400 
acres tidal salt marsh; Unit AM3; known records from 1951 (MVZ) and 1985 
(current study); trapped in 1976 (Cummings) and 1980 (Gilroy and 
Shellhammer) with no shrew captures recorded. 
Alameda Creek Mouth. 2 individuals observed. Sec. 12, Sec. 13 T4S R3W; 
Redwood Point 7.5 min. quad; approximately 350 acres tidal salt marsh; 
Unit AM6; known record from 1985 (current study); trapped in 1980 (Gilroy 
and Shellhammer) with two shrews captured and recorded as Sorex vagrans. 
2. Populations Known or Assumed Extirpated 
The following are representative of the localities which were documented 
by research collection specimens and/or scientific publications and no longer 
support salt marsh wandering shrews. Although several site records are too 
vague to pinpoint the exact collection site, all suitable habitat has been 
eliminated within the range of possible locations. In addition, approximately 
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66,458 acres of suitable habitat have been filled, diked, urbanized, or other­
wise altered within the historic range of the shrew. It can be assumed that 
if 90 percent of all historically available habitat has been lost since 1850, 
then a proportionate or greater number of salt marsh shrew populations has 
also been extirpated. Estimates of total acres of natural salt marsh lost to 
diking, filling, or urbanization are given for each county. Estimates of 
acres of lost habitat were obtained by subtracting existing acreages from 
historic acreages (from Nichols and Wright 1972). 
San Francisco Countv: 
Lake Merced. 1 specimen; (CAS) no date; portions of Sec. 35, 26 T2S R6W; 
questionable occurrence record because of elevation and lack of suitable 
habitat. 
San Francisco. 9 specimens (MVZ) 1929; unknown locations; no suitable 
habitat remains. 
Presidio. San Francisco. 1 specimen; (CAS), no date; unknown location; 
no suitable habitat remains. 
Estimated Acres of Lost Habitat: 984 acres of tidal salt marsh since 1850. 
San Mateo Countv: 
The location cited as Coloma below is likely Colma. 
0.9 mi NE Coloma. 17 specimens (CAS); questionable occurrence records 
because of elevation and lack of suitable habitat. 
0.5 mi S. Chinese Cemetery. Coloma. 1 specimen (CAS); questionable 
occurrence record because of elevation and lack of suitable habitat. 
Estimated Acres of Lost Habitat: 19,396 acres of tidal salt marsh since 
1850. 
Santa Clara Countv: 
Palo Alto. 7 specimens (MVZ), 3 specimens (USNM); 1908; unknown specific 
locations; some suitable habitat remains in the general area. 
1 mi SSW of Alviso. Sl/2 Sec. 9, Nl/2 Sec. 16 T6S R1W; Milpitas 7.5 min. 
quad; Unit SC-3, MVZ record from 1951 (Rudd); no suitable habitat 
remains. 
Estimated Acres of Lost Habitat: 14,939 acres of tidal salt marsh since 
1850. 
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Alameda Countv: 
Berkeley. 1 specimen (USNM), unknown specific location; urbanization has 
eliminated most suitable habitat. 
West Berkeley. 1 specimen (USNM), unknown specific location; urbaniza­
tion has eliminated most suitable habitat. 
Elmhurst. 4 specimens (MVZ) 1908, unknown specific location; urbaniza­
tion has eliminated most suitable habitat. 
Estimated Acres of Lost Habitat: 28,818 acres of tidal salt marsh since 
1850. 
Contra Costa Countv: 
3 mi NE Oaklev. E. Side Jersey Island. 1 specimen (MVZ), Doubtful occur­
rence record, beyond known range of the subspecies. 
Estimated Acres of Lost Habitat: 2,321 acres of tidal salt marsh since 
1850. 
3. Historically Known Population where Current Status is Unknown 
The following are examples of locations which contain suitable habitat 
for S. v. halicoetes. A total of 31 sites were described in the original 
status report. Most are fragmented sections of tidal salt marsh on outboard 
edges of dikes and levees. Other areas are primarily diked salt marsh where 
habitat appears marginal. Several areas have been surveyed in recent years, 
yet no shrews are recorded as captured. Although Sorex have been found in a 
few of the areas listed below, habitat conditions are such that either S. v. 
halicoetes or S. v. vagrans could inhabit them. Since the animals were not 
identified to species, these areas are included as "status unknown." 
San Mateo Countv: 
Mouth of Seal Slough. Nl/2 Sec. 22 T4S R4W; San Mateo 7.5 min. quad; 
approximately 77 acres tidal marsh, Unit SM2; last unknown possible 
record labeled only "San Mateo", 1908. 
Santa Clara Countv: 
Sand Point. SE1/4 Sec. 30, Sl/2 Sec. 29, Nl/2 Sec. 32 T5S R2W; Mountain 
View 7.5 min. quad; approximately 120 acres tidal marshland; Unit SCI; CM 
record from County line; Wondolleck et al. (1976) recorded 2 S. ornatus: 
trapped 1980 (Gilroy and Shellhammer) and 1985 (current study) with no 
shrews seen. 
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Alameda Countv: 
Ideal Cement Marsh. El/2 Sec. 31, SW1/4 Sec. 32, T4S R2W, NW1/4 Sec. 5 
T5S R2W; Newark 7.5 min. quad; approximately 150 acres tidal salt marsh, 
Unit AM4; trapped 1975 (Cummings), 1980 (Gilroy and Shellhammer) and 1984 
(Shellhammer) with no shrews recorded as captured. 
Contra Costa Countv: 
Hoffman Boulevard. NE1/4 Sec 29, Sl/2 Sec 20, SE1/4 Sec 19 TIN R4W; 
Richmond 7.5 min. quad; approximately 100 acres tidal salt marsh; Unit 
CC1; no known records. 
4. Locations Believed Likely to Support Additional Natural Populations 
The following are representative descriptions of locations that have 
supported populations of S. v. halicoetes in the past. A total of 14 sites 
were described in the original report. Recent trapping efforts at several of 
the locations have recorded shrew captures. However, identification of the 
shrews was not taken to the subspecific level. Although it would be impos­
sible to assume that all shrews captured were indeed S. v. halicoetes. the 
presence of suitable, optimum habitat, and the known presence of a Sorex popu­
lation seem to indicate that these locations would support natural populations 
of S. v. halicoetes. Some of the locations listed have never been surveyed. 
They are, however, contiguous with locations known or suspected of supporting 
S. v. halicoetes. and as such are also likely to support populations. 
San Mateo Countv: 
Belmont Slough. Nl/2 Sec. 2 T5S R4W; Sec. 36 SE1/4 Sec. 25 T4S R4W; San 
Mateo and Redwood Point 7.5 min. quads; approximately 50 acres tidal 
marsh; Unit SM3; last known record labeled "Belmont", 1908; shrews were 
seen at Belmont Slough in 1985 (V. Jennings, pers. comm.); trapped in 
1975 (Cummings) with no shrews captured. 
Santa Clara Countv: 
New Chicago Marsh. SE1/4 Sec. 4, Sl/2 Sec 3, NW1/4 Sec. 2, NE1/4 Sec. 9 
T6S R1W; Milpitas 7.5 min. quad; approximately 350 acres of diked salt 
marsh (portions are increasingly brackish); Unit SC4; last known record 
from Zetterquist (1976), listed as Sorex vagrans: other records from 
1950, 1951 (MVZ); the marsh was trapped by Cummings (1975), Shellhammer 
(1977), and Gilroy and Shellhammer (1980) with no shrews recorded. 
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Alameda Countv: 
Albrae Slough. Sec. 20, SE1/4 Sec. 19, Sec. 30, Sec. 29, Wl/2 Sec. 28 
T5S R1W; Milpitas and Mountain View 7.5 min. quads; approximately 140 
acres tidal salt marsh and 130 acres diked salt marsh; Unit AMI; trapped 
1975 (Cummings) with no shrews reported, and 1980 (Gilroy and 
Shellhammer) with one capture recorded as Sorex vagrans: the marshes 
along Albrae Slough are contiguous with those at Calaveras Point and 
Mowry Slough, forming a total area of marshland of approximately 800 
acres. 
Contra Costa Countv: 
Wildcat and Castro Creeks. Sec. 2, El/2 Sec. 3 TIN R5W; San Quentin 7.5 
min. quad; approximately 288 acres tidal salt marsh and 41 acres diked 
marsh; Unit CC2; records known from "San Pablo Marsh" (1955); Trapped 
1986 (WESCO) with no shrews captured. 
GENERAL ENVIRONMENT AND HABITAT DESCRIPTION 
A summary is provided of the most important aspects of the shrew's 
environment and habitat, particularly those factors thought crucial to the 
species' survival, distribution, and abundance. 
Summary of Crucial Elements of the Habitat 
The salt marsh wandering shrew requires middle elevation salt marsh 
habitat consisting of dense stands of pickleweed (Salicornia virginica) 
directly adjacent to the mean high tide line around the San Francisco Bay in 
California. Driftwood, woodblocks, or planks resting directly on the pickle­
weed are required for nesting cover. Soils are composed of silt and clay and 
are continuously moist. Invertebrate animals (amphipods, crustaceans) are 
abundant. Adequate marsh areas must be present to provide refuge from extreme 
high tides. 
Summary of General Environment and Habitat 
The salt marsh wandering shrew is found along the tidal margins of middle 
elevation salt marsh habitats around San Francisco Bay. They are typically 
found in those parts of the marsh which offer dense cover, an abundance of 
invertebrate animals for food (such as crustaceans and amphipods), suitable 
nesting and resting sites, and fairly continuous ground moisture. Hinde 
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(1954), Johnston and Rudd (1957), Harvey, et al. (1977), and Jones and Stokes 
(1979) all provide detailed descriptions of the salt marsh habitats around the 
Bay. The following is a synopsis of their discussions: 
Salt marsh habitats are classified "low", "middle", or "high" in relation 
to their elevation and plant community composition. The low marsh zone 
contains almost pure stands of cordgrass (Soartina foliosa) with occasional 
scattered pickleweed (Salicornia virainica). They are typically inundated by 
tidal waters on a daily basis and offer forage value for salt marsh shrews 
only during low tides. Soils are composed of saturated silt and clay. 
The middle marsh zone is found at elevations above the mean high tide 
level. These areas are dominated by dense stands of pickleweed, Jaumea 
(Jaumea carnosa), and occasional saltgrass (Distichlis soicata). This zone is 
typically inundated only by higher high tides. Soils are composed of silt and 
clay, but are slightly more dense than those in the low marsh zone. It is in 
this middle to higher elevation marsh that the salt marsh wandering shrew 
lives. Several other animals have evolved adaptations that require these 
higher elevation marshes for breeding, feeding, and resting. These include 
the endangered salt marsh harvest mouse and the threatened (state-listed) 
California black rail (LateraUus iamaicensis coturniculus). and to a lesser 
extent, California clapper rail, which makes extensive use of the low eleva­
tion marsh. 
High salt marsh habitats have been virtually eliminated from the San 
Francisco Bay area by grazing, urban development, and diking. These areas now 
average only about three meters in width and contain pickleweed and peripheral 
halophytes such as salt grass, alkali heath (Frankenia grandifolia). sea 
lavender (Limonium californicum). fat hen (Atriplex patula). and gumplant 
(Grindelia cuneifolia) (Harvey et al. 1977). The high marsh provides refuge 
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for most small mammals of the marsh during extremely high tides. 
Development around San Francisco Bay has typically included the building 
of dikes and levees which currently serve as refuge for several small mammals 
found on their outboard sides. These levees may occasionally support high 
marsh plant species, but they are typically cleared during periodic mainten­
ance of the levee surface. Shrews likely utilize these dikes for refuge, but 
would be more susceptible to predation than in a natural high marsh environ­
ment. 
Several thousand acres of diked, seasonally wet pickleweed marshes are 
present throughout the shrew's range. These areas are blocked from tidal 
action and may not support as large a population of suitable invertebrate food 
species required by the shrews, as do the tidal marshes. It is unknown to 
what extent the salt marsh wandering shrew utilizes these diked salt marshes. 
Since most of the known captures of the salt marsh wandering shrew are 
recorded from tidal marshes and not from diked marshlands, it appears that the 
shrew prefers tidal over diked. This preference has also been noted in the 
habitat requirements of the endangered California clapper rail. However, 
diked marshes have recently been discovered to harbor large and seemingly 
healthy populations of salt marsh harvest mice, indicating a likelihood that 
they may provide habitat values for the shrew as well. 
POPULATION BIOLOGY/ECOLOGY OF SPECIES 
A general summary is provided of what is known of the population biology 
of the species. This would include information concerning the reproductive 
cycle and requirements for breeding. Known data on reproductive success, 
natality, mortality, and recruitment are included. 
Demography of the populations is also addressed. The number and geog­
raphical spacing of known populations are included with an estimate of 
currently known numbers of individuals per population, if available. Census 
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methods used to determine area and numbers are described. 
General Summary 
Studies on the breeding of S. v. halicoetes were conducted by Johnston 
and Rudd (1957). The following synopsis provides a summary of their findings. 
The salt marsh wandering shrew represents up to 10 percent of the mammal­
ian fauna present in optimal salt marshes around the San Francisco Bay 
(Johnson and Rudd 1957). The shrews are typically found in those parts of the 
salt marshes which offer dense cover, an abundance of invertebrate animals for 
food, suitable nesting and resting sites, and fairly continuous ground 
moisture. Johnston and Rudd (1957) found the breeding season extends from 
February through June, with the modal date for parturition during April. A 
second peak of breeding occurs in September as the young of the previous 
spring mature and are able to mate for the first time. There is no indication 
of breeding activity in winter. 
Shrews build nests which are typically constructed of small paper scraps 
and dead material of plants such as Soartina. Distichlis. and Salicornia. The 
nests measure from 3x3x2 cm to 4x4x3 cm and are usually placed under or in 
driftwood, planks, or woodblocks found along the high tide line. The nest is 
cuplike and almost always domed. Runways enter from the sides and from 
beneath and are not opened until two to three weeks after birth of the young 
(Johnston and Rudd 1957). The nest is typically placed directly on the soil 
surface, and usually on higher ground where it may escape flooding. Johnston 
(1957) found only three of 45 nests located at elevations below 6 feet above 
mean sea level. All three were eventually flooded. 
Gestation in the salt marsh shrew lasts about 20 days and average litter 
size is 5.16 young. Over 70 percent of the litters examined by Johnston and 
Rudd (1957) contained 4 to 6 young. 
35 
At birth, the young shrews weigh about 0.5 gram. They gain weight 
rapidly and weigh between 5 and 6 grams after one month. Females begin 
weaning the young at 16 days, and the process is completed by day 25. The 
young remain in the nest up to the fifth week, then disperse through the popu­
lation. They exhibit more aggressive behavior and begin to lose weight. The 
juveniles remain at a fairly constant weight of 4 to 5 grams during the winter 
and then begin to grow again at the onset of the breeding season (Rudd 1955). 
Johnston and Rudd (1957) observed a survival rate of 55 to 60 percent 
from near birth to just after weaning. They also concluded that since 
mortality around the time of birth was about 15 percent, less than half of the 
salt marsh shrews conceived live to the age of 21 days. Causes of mortality 
include drowning from high tides, death of the mother, starvation, cold, and 
exposure. The surviving young may breed in the fall and perhaps twice more 
the following year. Adult vagrant shrews seldom live beyond 18 months (Ingles 
1976). The shrew swims well at the surface or under water, and dives readily 
when pursued by humans (Johnston 1957). 
Demography 
There is no data available which directly measures densities of salt 
marsh wandering shrew populations. Relative numbers appear to fluctuate 
yearly, as the shrews may be abundant one year and very scarce the next (John­
ston and Rudd 1957). A related species, the dusky shrew (Sorex obscurus), 
lives in wet meadows of the Sierra Nevada and has individual home ranges of 
from 40 to 250 feet across, averaging 4,000 square feet in size. Home ranges 
overlap where populations may reach densities of around 15 to 17 per acre 
(Ingles 1961). 
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CURRENT LAND OWNERSHIP AND MANAGEMENT RESPONSIBILITY 
OF SUITABLE HABITAT 
Information is provided on the general ownership of lands on which the 
species is found or which provides suitable habitat for the species. This 
would include private, federal, state, and local jurisdictions. If available, 
specific landowners are listed. If management responsibility of the parcel is 
different from ownership, the persons or agency responsible is listed. 
Several governmental agencies administer or own a majority of suitable or 
potential salt marsh wandering shrew habitat areas. These entities include the 
cities of Palo Alto and Sunnyvale, the Hayward Area Recreation District, East 
Bay Regional Park District, Midpeninsula Regional Open Space District, Oakland 
Port Authority, the State of California, and the U.S. Fish and Wildlife 
Service. In all, these entities own or control over 4,800 acres of tidal and 
nontidal salt marsh. Access to several of these properties is occasionally 
controlled by private or corporate landowners who own adjacent parcels. 
The San Francisco Bay National Wildlife Refuge (SFBNWR) currently admini­
sters approximately 3,390 acres of suitable or potential salt marsh wandering 
shrew habitat. Approximately 1,000 acres of these lands are presently under 
adjudication for transfer. The refuge encompasses properties at Newark Slough, 
Dumbarton Point, Mowry Slough, Albrae Slough, Coyote Creek, Alviso Slough, 
Greco Island, Redwood Point and Bay Slough. Ten of the known or likely popula­
tions of salt marsh wandering shrew are located within the SFBNWR boundaries. 
The city of Palo Alto owns approximately 690 acres of suitable salt marsh 
wandering shrew habitat near Charleston Slough and the Palo Alto Yacht Club. 
Approximately 330 acres is nontidal. Both known and suspected locations of 
salt marsh wandering shrew are reported for these parcels. 
The city of Sunnyvale administers approximately 28 acres of nontidal salt 
marsh at the Sunnyvale Baylands Park. There are no known records of salt marsh 
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wandering shrew populations in the area; however, the park is within the 
historical range of suitable habitat. 
Oakland Port Authority owns approximately 330 acres of non-tidal marsh 
next to the Metropolitan Oakland International Airport. There are two records 
of salt marsh wandering shrew populations from 1947 and 1950. The area was 
surveyed again in 1985, but no shrews were recorded as captured. 
The Midpeninsula Regional Open Space District administers approximately 
30 acres of tidal marsh land at their San Mateo Baylands Preserve and approxi­
mately 60 acres of nontidal marsh at the Stevens Creek Nature Study Area near 
Moffett Field. Neither area is known to support salt marsh wandering shrew 
populations. 
The Hayward Area Recreation District owns approximately 80 acres of 
nontidal salt marsh along the southern edge of Sulphur Creek. There are no 
records of salt marsh wandering shrew on the property, and none were found in 
recent surveys. One record is listed for Hayward Landing from 1951, and is 
less than one mile from the H.A.R.D. property. The 325-acre nontidal marsh 
just north of Sulphur Creek supports populations of Sorex. though it is not 
known which species. The marsh is owned by East Bay Regional Park District. 
East Bay Regional Park District administers an additional 300 acres of 
suitable or potential salt marsh wandering shrew habitat near Johnstons and 
Roberts Landings. No other records are known for these areas. 
The State of California administers those lands adjacent to navigable 
waters which extend to the "ordinary high water mark" (Mike Valentine, State 
Lands Commission, pers. comm.). Originally, the ordinary high water mark 
included those lands which were within the influence of tidal waters. Several 
of these areas have since been leveed or diked by private individuals or 
corporations. Individual settlements with landowners have set new property 
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boundaries. Each creek or slough has different property lines, and it is 
impossible to generalize ownership patterns. In some areas the state-
controlled lands end at the outer heel of the dike; in others, at the inner 
hinge. Still other areas have yet to be settled. The general concensus is 
that public access is permitted within ten horizontal feet of the current mean 
high tide line. 
Approximately 1,500 acres of suitable salt marsh habitat is located along 
the many sloughs and creeks within the geographic range of S. v. halicoetes. 
Ownership status of these areas is inconsistent. Three of the suspected 
locations of salt marsh wandering shrew populations are within these areas. 
The remaining lands are held in private or corporate ownership. Leslie 
Salt Corporation and Standard Oil of California are the largest landowners. 
Five of the known or suspected locations of salt marsh wandering shrew popula­
tions are found on privately-owned land. 
PREVIOUS MANAGEMENT/CONSERVATION MEASURES 
Previous management and conservation measures directly affecting the 
species of concern are listed to assess their effectiveness. These would 
include federal, state, local, and private regulations, management actions, or 
procedures which are associated with the species. 
Very few management actions have been directly associated with the salt 
marsh wandering shrew. The U.S. Fish and Wildlife Service has listed the 
animal as a Category 2 candidate for threatened or endangered status, and the 
California Department of Fish and Game considers it a "species of special 
concern." Neither of these designations offer any legal protection. 
The San Francisco Bay Conservation and Development Commission (BCDC) has 
been designated as the coastal management agency for San Francisco Bay. It 
predates the national Coastal Zone Act of 1972, the California Coastal Commis­
sion, and both state and federal endangered species acts. The "San Francisco 
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Bay Plan" was approved by the State Legislature in 1969, and the Commission 
was given permanent regulatory powers over use of the Bay and over a narrow 
shoreline band extending 100 horizontal feet above mean high tide. A permit 
is required from BCDC for any development within their area of jurisdiction. 
Since the plan was approved before passage of the federal or state 
endangered species acts, no mention is specifically made of preservation of 
habitats for endangered or potentially endangered species. It does require 
that special habitats should be protected and that remaining marshlands should 
be maintained (BCDC 1969). 
Purchase and transfer of several thousand acres of salt pond and salt 
marsh habitats from various private corporations and state agencies to FWS for 
the San Francisco Bay National Wildlife Refuge included areas known to support 
salt marsh wandering shrews. Transfer negotiations are still being 
adjudicated for several parcels. 
The FWS does not have regulatory authority over wetlands other than those 
within the boundaries of the San Francisco Bay National Wildlife Refuge. The 
FWS does, however, provide comments on permit applications handled by the Army 
Corps of Engineers under the authority of the Fish and Wildlife Coordination 
Act (16 U.S.C. 661-666C). Recent court rulings (Leslie Salt Company vs. 
Froelhke, 1978 and United States vs. Riverside Bay View Homes, Inc., 1985) 
appear to extend jurisdiction of the Army Corps to include all perennial and 
seasonal wetlands. 
It is likely that since the endangered salt marsh harvest mouse and 
clapper rail have similar habitat requirements as the shrew, past environ­
mental documentation for proposed development within their range and associ­
ated mitigation measures have unintentionally included preservation and pro­
tection of salt marsh wandering shrew habitat. 
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Although shrews and their habitat may have been protected under measures 
implemented for officially designated endangered species, there are no legal 
requirements to specifically preserve or protect the shrew or its habitat. 
EVIDENCE OF THREATS TO SURVIVAL 
This section documents threats under one or more of five factors taken 
directly from the Endangered Species Act. These factors include: 1) Present or 
threatened destruction, modification, or curtailment of habitat or range; 2) 
Overutilization for commercial, sporting, scientific, or educational purposes; 
3) Disease or predation; 4) Inadequacy of existing regulatory mechanisms; and 
5) Other natural or manmade factors. Statements are based on information 
presented in earlier sections of the report. 
Present or Threatened Destruction. Modification, or Curtailment 
of Habitat or Ranee 
This section includes species independent threats to habitat or range 
from such activities such as soil disturbance, water manipulation or control 
(including activities changing water tables, irrigation, dam construction, 
flooding, or drainage), fencing, mowing, plowing, burning, logging, nutrient 
enrichment, herbicide or insecticide use, agricultural tillage, road salting, 
mining or quarrying, trampling, camping, unnatural vegetation changes, water 
or air pollution, land clearing, development of habitat for human habitation, 
and pressures from introduced species. Past, present, and potential threats 
are described. 
Deterioration and loss of habitat has been the primary threat to S. v. 
halicoetes populations in the past. Historically, salt marsh habitats covered 
approximately 73,000 acres within the current range of the salt marsh 
wandering shrew. Since 1850, human activities such as filling, dredging, 
diking, and urbanization have eliminated 90 percent of those wetlands. The 
current extent of natural, undiked, tidal salt marsh within the shrew's range 
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is approximately 6,546 acres. Most of the loss has occurred since 1920 
(Nichols and Wright 1971, Atwater et al. 1979). 
To a large extent, indiscriminate diking and filling of the Bay's marshes 
was terminated with the establishment of the BCDC in 1969. Since its incep­
tion, BCDC has mandated the protection of essentially all existing natural 
marshes (Atwater et al. 1979). Development has continued, however, on pre­
viously diked or filled lands, some of which may support suitable habitat for 
the salt marsh wandering shrew. 
Dike and levee repair is often accomplished by borrowing repair materials 
from the outboard marshes. A trench is created at the base of the dike which 
fills with tidal water and may act as a partial barrier to small mammals 
attempting to seek refuge on high ground during storms or high tides. Dike 
repair activities may also impact the remaining high marsh zones. 
Since the shrew appears to require expanses of marsh which are inundated 
daily by tides, any decrease in the affected tidal area would likely result in 
a proportional decrease in shrew utilization of that area. Present activities 
which may be contributing to a decrease in usable tidal area include construc­
tion of boat harbors, dredging of sloughs, and natural and accelerated 
erosion. 
Wastewater discharge into the Bay is changing both the composition and 
vigor of the surrounding salt marsh habitats. In 1978, 52 municipal treatment 
facilities and 42 industrial facilities continuously discharged wastewater 
into San Francisco Bay (Russell et al. 1982). In all, over 200 permits for 
industrial discharge had been granted by 1982. 
Industrial wastewater carries heavy metals such as selenium, mercury, 
lead, arsenic, copper, cadmium, and nickel. Several of these have reached 
concentrations in the benthic animals of the Bay which exceed the highest 
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concentrations reported in other worldwide surveys (Luoma and Cloern 1982). 
Concentrations of trace organic contaminants such as polychlorinated biphenyls 
(PCB's) and petroleum hydrocarbons (PHC's) have also been found to be some of 
the highest in the world (Luoma and Cloern 1982). Other toxic compounds might 
include pesticides, aromatic compounds from oil, benzene, carbon 
tetrachloride, or compounds formed from the chlorination of sewage. Though 
very little is known about the distribution of these potentially toxic 
compounds, it is likely that they are present and are in some way affecting 
the tidal marshes, and the animals dependent upon them. 
Municipal wastewater treatment facilities discharge fresh water into the 
salt water environment. In several areas, such as Coyote Creek and the New 
Chicago Marsh near Alviso, this freshwater infusion has resulted in a dramatic 
shift in plant species composition. Areas once covered by cordgrass and 
pickleweed are currently undergoing a transformation to a more brackish condi­
tion and now support thick stands of bulrush (Scirpus sp.). This change in 
habitat may be detrimental to continued use of the areas by the salt marsh 
wandering shrew. 
Over-Utilization for Commercial. Sporting. Scientific. 
or Educational Purposes 
This section includes species dependent threats such as medicinal uses, 
specimen collecting, horticultural collecting, or traditional rural uses. 
There is no evidence to indicate that scientific collection of salt marsh 
wandering shrews has had a significant impact on their populations. There 
have been fewer than 500 specimens of this species taken for scientific 
collections and deposited in the nine major museums since 1908, and there is 
no sport or commercial trade which utilizes the animal. 
Disease or Predation 
Either species dependent or species independent threats are included in 
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this section. These may include viral, bacterial, or fungal infections, 
insect pests, grazing, or predation by native animals, feral exotics, live­
stock, or domestic pets. 
There is no known information concerning diseases of shrews. It is 
likely that occasional outbreaks of disease may affect one or more populations 
of the salt marsh wandering shrew. Because of the isolated nature of the 
inhabited marshes, it is doubtful that epidemics could sweep through all 
populations. However, each individual community may be more vulnerable to 
extirpation should virulent diseases become established. 
Predation on the salt marsh wandering shrew is limited. Predatory birds 
such as the short-eared owl or northern harrier are relatively unimportant as 
a large scale mortality agent to adult salt marsh wandering shrews. Shrews 
made up 6.1, 2.6, 1.0, and 1.3 percent of items found in short-eared owl 
pellets from 1951 through 1955 in a survey of the San Pablo Marsh (Johnston 
and Rudd 1957). Predation of nests by rats may be a possibility, but at 
present there is no evidence. 
Inadequacy of Existing Regulatory Mechanisms 
These are species independent or species dependent threats which include 
the inadequacy of legal regulatory mechanisms restricting human activities 
detrimental to the survival of the taxon. Past, present, and potential 
threats are examined. 
There are no existing regulatory mechanisms which directly provide 
protection for the salt marsh wandering shrew. Indirectly, however, several 
laws, regulations, and policies have protected their habitat. 
Protection of habitat for the salt marsh harvest mouse and California 
clapper rail under the Federal Endangered Species Act of 1973 and amendments 
has provided protection for several tidal marshes around San Francisco Bay. 
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The BCDC and the Army Corps of Engineers are involved in the permitting 
process for development in the Bay Area, and typically do not approve deve­
lopment directly on tidal wetlands. 
Exceptions might include water-dependent projects such as a boat harbor 
or launch ramp. The California Department of Fish and Game (CDFG) is required 
to issue permits only when stream courses will be altered by development. In 
most other cases, CDFG is consulted and offers comments regarding impacts. 
Other Natural or Man-Made Factors 
This section includes species independent or species dependent factors 
such as the lack of pollinators (for plants), critically low population 
numbers, erosion of insular habitat, or climatic catastophes. Again, past, 
present, and potential threats are examined. 
Contaminants such as PCB's, PHC's, heavy metals, and pesticides may be 
accumulating in the food chain on which the salt marsh shrew is dependent. 
Though the shrew is not a long-lived animal, exposure to high concentrations 
of chemical contaminants may result in a degradation of the morphological or 
physiological condition of individuals. Tumors, reduced reproductive capa­
bilities, tissue abnormalities, and increased susceptibility to parasitism and 
disease may all be induced by exposure to chemical contaminants found in 
wastewater (Luoma and Cloern 1982). 
Natural flooding of habitats utilized by the shrew occurs on a yearly 
basis. The high tides of winter often flood most of the pickleweed areas 
subject to tidal action. Without high marshes in which to take refuge, it is 
likely that a certain percentage of the shrew population is lost to flooding 
each year. Unseasonal high tides may also flood nests during the breeding 
season. 
High tides of 6.0 feet at the Golden Gate Bridge are increased to 9.3 
feet before they reach Alviso on the southern tip of the Bay. These tides 
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completely inundate the Salicornia flats and force mice and shrews onto levees 
or high ground which, if partially cleared, exposes the animals to predators 
(Schaub 1971). 
One factor that was not included in the status report, but which has 
since come to the forefront of endangered species and habitat protection 
around the San Francisco Bay area, is the potential for a future rise in sea 
level. It is hypothesised that the sea levels are rising and that within 50 
to 100 years, all existing tidal salt marshes around San Francisco Bay could 
be inundated, If this is the case, most existing habitat for the salt marsh 
wandering shrew would be lost. It would be imperative to the survival of the 
species then to preserve or maintain potentially restorable habitats above the 
current high tide line and within the numerous diked marshes within the 
species' range for future use by the shrew and other endangered species depen­
dent on tidal marshes. 
GENERAL ASSESSMENT OF VIGOR, TRENDS, AND STATUS 
A general statement is provided that discusses the vigor, trends, and 
status of the population as a whole. 
The salt marsh wandering shrew may currently be one of the most severely 
threatened animals utilizing the salt marshes of San Francisco Bay. It 
appears to require habitats very similar to the endangered California clapper 
rail and salt marsh harvest mouse. The shrew, moreover, is distributed over a 
much smaller range and appears to survive mainly within the narrow band of 
marshland which is daily inundated by tides. Populations are isolated from 
each other with little chance for genetic interchange. Development, dredging, 
habitat fragmentation, changes in habitat composition, pollution, and natural 
flooding of nests may all threaten the survival of the species. 
Should development and housing pressures increase as expected around the 
Bay, an increase in municipal and industrial waste discharge into the Bay 
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could severely alter even greater areas of habitat and increase potentially 
toxic exposure to various chemical contaminants. Though direct development 
pressures on tidal marshlands are limited, indirect impacts on vegetation and 
food chain constituents could significantly affect the remaining populations 
of salt marsh wandering shrews. 
Protection of several parcels of tidal salt marsh has provided stable 
habitat for salt marsh wandering shrews in Alameda, Santa Clara, and San Mateo 
counties. These include relatively large blocks of tidal salt marsh owned by 
San Francisco Bay National Wildlife Refuge, the City of Palo Alto, the State 
of California, and Leslie Salt Corporation. Continued habitat preservation is 
likely because of the known or expected presence of currently listed 
endangered species such as the salt marsh harvest mouse and California clapper 
rail. Additional habitat preservation is possible through adjudication of 
land ownership disputes between the San Francisco Bay National Wildlife Refuge 
and private and corporate landowners currently controlling suitable habitats. 
RECOMMENDED LISTING OR STATUS CHANGE 
This section provides recommendations to the U.S. Fish and Wildlife 
Service regarding any changes in status for the species. Recommended status 
could include upgrading of status to threatened or endangered, de-listing, or 
remain as is. 
Recommendation to U.S. Fish and Wildlife Service. 
Department of the Interior 
The salt marsh wandering shrew is likely one of the most endangered 
animals inhabiting the San Francisco Bay marshlands. The isolated and frag­
mented populations currently extant within the Bay Area face the threat of 
extinction from loss of suitable habitat, increased exposure to chemical 
contaminants and potentially increased susceptibility to disease, predation, 
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and reproductive failure. 
When compared to other species which have been previously listed as 
endangered (such as the salt marsh harvest mouse and California clapper rail) 
the salt marsh wandering shrew appears to have a more severely limited geo­
graphic distribution, a greater dependence on the narrow band of tidally 
influenced marshland, and an equal or greater chance of being affected by 
habitat modifications. 
Endangered status under the U.S. Endangered Species Act of 1973 and 
subsequent amendments is recommended. 
Recommendation to the California Fish and Game Commission 
Because the State of California also has enacted endangered species 
legislation, and because the salt marsh wandering shrew was included as a 
"species of special concern" on the latest state listing of species, recom­
mendations were provided to the California State Fish and Game Commission. 
Endangered status for the salt marsh wandering shrew under provisions of 
the California Endangered Species Act of 1970 and subsequent amendments is 
recommended for reasons stated above. 
RECOMMENDED CRITICAL HABITAT 
Identification of critical habitat is recommended based on information 
presented in the status report. Any necessary buffer zones, and/or habitat 
for pollinators (for plants), nest or roost sites, dispersal agents, etc. are 
included. Also to be considered is the amount of suitable habitat presently 
available for the species, what was available in the past, and what is 
anticipated to be available in the future. 
A concise statement which describes the recommended critical habitat 
including acreage and a formal description of the geographical boundaries 
should be provided. Legal descriptions of boundaries should be provided and 
landowners and managers should be specifically identified on a site-by-site 
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basis. Any comments or data which indicate that an exception should be made 
to the policy of determining critical habitat concurrent with listing should 
also be included. 
Critical habitat recommendations for the salt marsh wandering shrew were 
described as follows: 
"All lands now supporting or thought to support salt marsh wandering 
shrew populations should be included as critical habitat. Detailed descrip­
tions and locations are provided on the set of 7.5 minute USGS topographic 
maps accompanying this report, in Table 1, and in Section 2.5 of this report." 
(WESCO 1986) 
CONSERVATION/RECOVERY RECOMMENDATIONS 
This section describes the need for further studies or surveys, and any 
new regulations for protection or captive propagation. 
The best conservation mechanism for assuring continued productivity of 
salt marsh wandering shrew populations would be the guaranteed preservation of 
existing habitat. This can be accomplished through several methods. 
Land ownership and management responsibilities should be determined on 
those parcels currently under adjudication. Several areas within the General 
Plan of the San Francisco Bay National Wildlife Refuge are currently under 
negotiation for transfer. Regardless of the outcome, the landowners should 
endeavor to preserve and protect remaining salt marsh habitat. 
Close monitoring of proposed developments, waste water discharge permits, 
dredging activities, and dike repairs should be maintained. Any EIR or permit 
application should require onsite surveys specifically for the salt marsh 
wandering shrew. Surveys should include trapping, or preferably turning 
cover, at an appropriate time of year to ensure the best possibility of find­
ing the animals if they are present. 
Stipulations should be added to all endangered species permits for the 
collection of salt marsh harvest mice, which would require identification, to 
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the subspecif ic  level ,  of  al l  shrews captured,  and appropriate disposi t ion of  
specimens collected.  
A sal t  marsh wandering shrew recovery plan should be devised and incorpo­
rated into management act ivi t ies  and permit t ing processes.  Continued study 
into the biology and appropriate management of  the species should be funded.  
Part icular  at tention should be given to assessing the viabil i ty of  isolated 
populat ions and the potential  for  gene swamping within those populat ions.  
Because of  the l imited information available on the distr ibution of the shrew, 
i t  may be appropriate to continue survey efforts  in al l  the potential ly inhab­
i ted marshes throughout the Bay.  Ini t ial  emphasis  should be placed on those 
areas currently undergoing transformation from Salicornia sal t  marsh to 
Scirpus-dominated brackish marsh.  
INTERESTED PARTIES, INFORMATION SOURCES, AND KNOWLEDG ABLE 
INDIVIDUALS 
A list  of  interested part ies  such as federal ,  s tate and local  agencies,  
Smithsonian Inst i tute,  IUCN, biologists  with interest  in this  taxon,  private 
landowners,  and local  clubs,  societys,  and organizat ions was provided.  Also 
included in the status report  was a  l is t ing of  al l  pert inent  sources of  infor­
mation about  the species and i ts  habitat .  References ci ted in the report  are 
included as well  as  other  pert inent  publicat ions such as technical  and scient­
i f ic  papers or  management reports ,  and any known newspaper or  magazine 
art icles.  In addit ion,  al l  museum collect ions that  were consulted are l is ted,  
as  well  as  a  summary of al l  f ield work conducted to support  the study.  
The pert inent  l i terature associated with the sal t  marsh wandering shrew 
status report  is  included in the Literature Cited sect ion of  this  paper.  The 
Museum of Vertebrate Zoology (MVZ) in Berkeley and the San Jose State 
Universi ty (CSSJ) Mammal Collect ion were visi ted to examine specimens for  this  
report .  Museum collect ions ci ted from past  s tudies are l is ted in the Appendix.  
DISCUSSION 
It  is  often expected that each species under review for l ist ing should be 
given immediate attention by FWS and that l ist ing should occur as soon as 
possible.  However,  even a review of a species '  s tatus by FWS staff  and 
completion of a status survey for a species does not always result  in FWS 
immediately l ist ing the species.  The salt  marsh wandering shrew is a case in 
point.  Although the status survey recommended endangered status for the shrew, 
FWS has yet to l ist  the species.  
There are several  reasons for FWS inaction. The list ing process includes 
several  t ime consuming steps,  and the backlog of species under review is 
considerable.  FWS staff  is  l imited in their  abil i ty to physically compile all  
portions of each l ist ing package, and FWS management decisions have 
priorit ized the most severely threatened species as the first  to be l isted.  
The following discussion provides an analysis of these and other problems 
within the l ist ing process.  
PRIORITIES AND MANAGEMENT STRUCTURE 
The Endangered Species Act is  divided into 17 sections.  Of particular 
note for this study are Section 4 and Section 7.  Section 4 outlines the 
l ist ing process and recovery process and provides the basis for l ist ing 
determinations.  I t  is  from the language in Section 4 that  FWS devised the 
guidelines for the contents of the status surveys.  
Section 7 mandates that  all  federal  agencies shall  consult  with the 
Secretary of Interior (through FWS) on any prospective agency action if  an 
endangered species may be present or may be affected by the action. Agencies 
such as the Forest  Service,  Bureau of Land Management,  Federal  Energy 
Regulatory Commission, and Army Corps of Engineers are required to conduct 
formal consultations with FWS during preparation of environmental  impact 
statements or various federal  permit application procedures for projects that  
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could affect  l isted species.  This formal consultation is required only for 
l isted species and not for candidates.  Informal consultation between agencies,  
however,  often includes assessments of threats to candidate species.  
The Endangered Species Program is one of several  programs administered by 
FWS. Under a major reorganization in 1986, FWS placed the Endangered Species 
Program within the Resource Management division, the largest  of ten budget 
categories within the new FWS structure.  The Office of Endangered Species in 
Washington, D.C. is  st i l l  responsible for the overall  management of the 
Endangered Species Program. The office is divided into two branches.  The 
Branch of Management Operations oversees Section 7 (consultations) and Section 
4 (recovery plan implementation).  The Branch of Biological Support  manages the 
l ist ing process (Drabelle 1985).  
The FWS is also organized into nine regions with California,  Oregon, and 
Hawaii  in Region 1. The regional offices are responsible for implementing 
most endangered species activit ies.  However,  in Region 1,  most l ist ing 
proposals and recovery plans are init iated at  the field office level.  The 
field office responsible for the San Francisco Bay Area and the salt  marsh 
wandering shrew is the Sacramento Office of Endangered Species (SOES). The 
SOES is responsible for providing recommendations for l ist ing for all  
candidate species found in California.  Other field offices are responsible for 
other states.  
In many regions,  including Region 1,  individual staff  t ime is often spli t  
between duties associated with the Branch of Biological Support  and the Branch 
of Management Operations.  Lack of funding, l imited manpower,  and other 
priorit ies have been identified as some of the reasons the l ist ing process for 
candidate species is  relatively slow (T. Rado, SOES, pers.  comm.).  
The FWS adopted priority guidelines for l ist ing and recovery of 
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endangered and threatened species in 1983 (Federal Register, September 21, 
1983, 43098-43105). The guidelines assign priorities for listing on the basis 
of three criteria: 1) Threats to the continued existence of a species; 2) 
Immediacy of the threats; and 3) Taxonomic position of the species. The 
status survey for the salt marsh wandering shrew used these criteria as a 
basis for its recommendations to SOES, and SOES used these as the basis of 
their recommendations for upgrading the species to Category 1. 
Threats to the continued existence of the species are very clearly 
defined in the Endangered Species Act and are the basis for the assessment 
portion of the status report. The case study presented in previous sections 
identified various threats to the salt marsh wandering shrew including habitat 
destruction and other natural or man-made factors. The survey also concluded 
that the shrew, although severely limited in its range and population numbers, 
was probably provided some protection by the presence of other officially 
listed species within its habitat. 
The immediacy criteria is tied directly to what is occurring within the 
habitat or range of the species and how soon the species would be affected by 
the various activities or actions occurring there. The salt marsh wandering 
shrew is not in imminent danger of losing all of its habitat from natural or 
man-caused activities. However, the shrew does live in an area where increased 
(and expected) tidal fluctuations could eliminate a good portion of its 
existing habitat. 
Under the final criteria, taxonomic position of the species, a monotypic 
genus, or one that is is represented by only a single species, is given the 
highest priority for listing. Species within a genus with more than one 
representative species are next in priority. Species designation has a higher 
priority than subspecies. 
The salt marsh wandering shrew is a subspecies of a widely distributed 
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species, and is a member of a genus that is found worldwide. Priority for 
listing the shrew based solely on taxonomic characteristics should be 
relatively low. Other species such as desert tortoise (Scaptochelvs 
aeassizii) would have a higher priority because the tortoise is the single 
representative of its genus in North America. 
In March 1987, the Director of FWS issued a memorandum regarding the 
scheduling of endangered species listings for fiscal year 1987 (FWS 1987). 
The memorandum summarized the species by region for which official listing was 
expected within the year. The list for Region 1 included 39 species (6 fish, 
5 birds, 3 mammals, 19 plants, 2 crustaceans, 3 snails, and 1 insect). The 
salt marsh wandering shrew was not among those listed. 
In May 1987, Mr. Gail Kobetich, the field supervisor from SOES, issued a 
memorandum to the regional chief updating the status of 26 vertebrate and 41 
invertebrate candidate species. This memo recommended raising the level of 
the salt marsh wandering shrew from candidate category 2 to candidate category 
1. Category 1 does not offer any official legal protection for the species, 
and does not provide protection for its habitat. As of August 1988 the shrew 
remained a category 2 candidate species although a revised list was expected 
to be published in the federal register within a few months. 
The data concerning vulnerability of the shrew was presented in the 
status report. These included limited threats to habitat, significant 
historic losses of habitat throughout the species' range, potential for 
disease, fragmentation and isolation of populations and habitats, increased 
pollutant loading into existing habitats, and the potential for salt marsh 
conversion to brackish marsh. There is very little population data available 
concerning the species. However, listing is based on all available biological 
information, and not just population data. Based on the available biological 
data, official endangered status for the shrew seems appropriate. 
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FWS has stated in several planning documents and in Congressional 
testimony that their goal is to list the highest priority species at a rate of 
50 per year. The Director's memorandum indicated that although this goal had 
been met in fiscal years 1984, 1985, and 1986, and that FWS expected to meet 
the goal in fiscal year 1987, it was doubtful that the goal would be reached 
in fiscal year 1988. This decline was attributed to the low number of "new 
starts" or listing proposals begun in 1987. 
Nationwide in 1985, the FWS had 405 full time employees working within 
the endangered species program. Of these 57 were assigned to Section 4 
listings, 76 to Section 7 consultations, and 57 to recovery programs. 
(Drabelle 1986). The majority of the remaining staff were involved with 
enforcement, protection, and planning. The SOES has approximately 10 staff 
members to manage all Section 7 consultations, section 4 listings, and all 
other management and recovery planning. 
The current total of over 3800 vertebrate and invertebrate candidate 
species nationwide roughly equates to requiring approximately 50 listings for 
each staff member involved with listings. In practice, one listing package per 
year per person is considered standard. At that rate, it would take a minimum 
of 50 years to complete listing procedures for all current candidate species. 
FWS projects that an additional 200 species will be listed by 1992. Figure 5 
shows total number of candidate and listed species as of 1986 and 1988, and 
the projections for 1992. 
Nationwide, funding for FWS has increased approximately 30 percent since 
1982 (Lenhart 1988). This includes funding obtained from non-congressional 
sources such as the Dingell-Johnson account and other permanent and trust 
funds. In 1983, The total FWS endangered species budget was $18.5 million. By 
1985, funding was increased to $27 million. (It should be noted that these 
funding levels are substantially higher than those requested by President 
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Reagan and only a portion are subject to appropriation by Congress). Figure 6 
shows actual budgets for the consultation and listing programs from 1981 
through 1988. Table 2 provides a summary of all appropriations for the 
endangered species program from 1981 to 1988. 
Of the total nationwide budget allocated for endangered species in 1985, 
approximately $3 million was authorized for the listing process. Funding has 
remained at about $3 million since 1985. The total budget for FWS endangered 
species in 1987 was almost $30 million. Of that $30 million, approximately 
ten percent was allocated for listing programs. In 1988, Congress provided an 
add-on to the FWS budget for approximately $250,000 to be used specifically 
for listing of endangered species (Lenhart 1988), however total funding for 
listing was decreased. 
Even with the add-on, no status surveys have been funded at the SOES 
since the shrew surveys in 1985 (T. Rado, SOES, pers. comm.). The primary 
reasons for not funding status surveys include reallocation of budgets, and a 
realistic appraisal by SOES management of existing SOES staff work-loads and 
time constraints to review the status surveys and proceed with the listing 
procedure. 
It could be argued that in some instances, such as that at SOES, where 
development proposals are numerous and the same personnel are assigned both 
the task of Section 7 consultation and Section 4 listing, that the burden of 
Section 7 consultation outweighs the ability of staff to initiate listing 
procedures. A drop in listing packages would also be expected when funding is 
not provided for status surveys or other basic research on the candidates in 
question. 
In some regions, such as Region 2 encompassing New Mexico, Texas, and the 
Southwest, responsibilities are delegated according to the task to separate 
persons. For example Section 7 consultations would all be handled by one 
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TABLE 2 
Appropriations of Fish and Wildlife Service Endangered Species Programs 
from 1981 through 1988. 
( in Mill ions of Dollars) 
Fiscal Year 
Program 81 82 83 84 85 86 87 88 
Listing 4.1 1.9 2.0 2.6 3.2 3.0 3.6 3.2 
Consultation 2.6 2.5 2.5 2.6 2.8 2.6 3.2 3.0 
Permits - - - - - - - - 0.7 0.8 0.9 0.9 
Recovery 4.6 5.2 5.1 4.7 5.9 6.0 6.5 7.5 
State Grants 3.9 0 2.0 2.0 3.9 4.2 4.3 4.3 
Research 2.1 2.4 2.9 4.1 4.4 4.5 4.8 5.2 
Law Enforcement 5.5 5.7 5.8 6.2 5.8 7.4 6.2 6.8 
Hatcheries - - - - ~ - - 0.2 0.2 0.2 0.2 
Land 
Acquisit ion* 
9.3 16.4 35.2 46.3 63.2 38.7 42.4 51.7 
TOTAL 22.8 17.8 20.4 22.2 26.9 28.8 29.8 31.1 
* Land Acquisit ion is not funded through the endangered species program, but rather as 
a separate category in the overall  FWS budget.  Totals are for endangered species 
programs only,  and do not include land acquisit ion funds.  
Source: Campbell  1988. 
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team, while all listing procedures would be handled by another. Although this 
may provide for increased listings, problems can arise in communication 
between the two branches. 
The organization of manpower at the SOES is such that the same persons 
who are responsible for Section 4 listings and recoveries are also responsible 
for Section 7 consultations. The staff person at SOES who is responsible for 
the listing of the salt marsh wandering shrew is also responsible for several 
other listing packages, management of several currently listed species, and 
numerous formal and informal consultations regarding those species. 
Throughout Region 1 and at the SOES, formal Section 7 consultations and 
informal development inquiries take priority over Section 4 listings. Section 
7 consultations may include informal consultation with a variety of local, 
state, and federal agency personnel; review of documents such as EIS's, 
Management Plans, and development proposals; and a variety of work with non­
federal entities such as developers, consultants, organizations, and other 
citizens. All of these activities take priority over listing. Figure 7 shows 
the continuous increase in Section 7 consultations over the past seven years. 
For example, in 1981 FWS staff were involved nationwide with approximately 
4200 formal and informal consultations. By 1987, the number of consultations 
increased three-fold to over 13,000. 
The most likely reason for favoring consultations over listings is that 
development proposals may be under specific time schedules from state, 
federal, and local regulatory bodies, as well as from development interests 
and construction requirements. For example, once an Environmental Impact 
Report is submitted, responding agencies have between 30 to 45 days to 
comment. U.S. Army Corps of Engineers Section 404 permit applications for 
filling of wetlands (from the Clean Water Act) may allow only 25 days for 
comment. 
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While the Ecological Services Branch of FWS (a separate branch from 
Endangered Species) typically handles the review of environmental documents, 
SOES staff also review these documents to ensure that listed species will not 
be adversely affected. In the Sacramento field offices, Ecological Services 
and SOES work very closely together. Staff from both branches often review the 
same documents and are involved in negotiation with developers and other 
federal, state and local regulatory agencies. In some instances, this may 
lead to duplication of effort. In most cases, tasks and responsibilities are 
clearly separated between the two branches. SOES staff are involved only when 
endangered species issues are concerned, while the Ecological Services Branch 
comments on all other issues concerning FWS (including wetlands, waterfowl, 
migratory birds, and anadromous fisheries). 
Interviews with SOES staff indicate that the realistic chances for 
listing the shrew within the next two years are relatively small. This delay 
was not related to a lack of information generated by the WESCO (1986) status 
report. In fact, the data provided in the report was used as a basis for 
recommending upgrading the shrew from category 2 to Category 1 and will 
eventually be used as the basis for preparing a listing package (T. Rado, 
SOES, pers. comm). It appears that the primary factors involved in not 
proceeding immediately with the listing included manpower shortages within 
SOES, increased work load for Section 7 consultations, the need to list other 
species with higher priority for listing, and the increased number of species 
for which reviews of status must be accomplished (T. Rado, SOES, pers. comm). 
After FWS staff reviewed the data in the salt marsh wandering shrew 
status survey, it became apparent to them that the shrew was not immediately 
threatened by development proposals or other factors, and was indeed partially 
protected by regulations affecting other currently listed species (including 
the salt marsh harvest mouse and California clapper rail). Because of this, 
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the decision was made by SOES staff and the field office chief to allocate the 
limited manpower and monetary resources to other, more pressing concerns such 
as listing completely unprotected candidate species currently threatened by 
development (the Tipton kangaroo rat, for example) or providing consultations 
for other current development proposals. 
This may appear to be bureaucratic procrastination, and certainly from an 
ecological standpoint, I feel the shrew should eventually be listed. However, 
because of the enormous number of other species, especially invertebrates, 
that are in greater danger throughout the state, and the plethora of 
development proposals that could affect already listed species (or other 
candidate species that have less real protection than the shrew), I feel this 
decision was an appropriate management action given the current 
responsibilities of SOES staff. 
Simply, it takes a substantial amount of staff time and budget to 
initiate, review, and submit a status survey, develop recommendations, and 
proceed with listing package. The listing package prepared by FWS staff is not 
the same as the status surveys. Status surveys provide the basis from which a 
listing package is prepared. Specific language and format must be used by FWS 
when preparing listing packages. It may be appropriate in some cases to 
suggest that the contractor responsible for preparing the status survey, also 
be responsible for preparing the listing package. However, there is often 
substantial agency and scientific review time involved between submittal of 
the status survey and development of a listing package. 
Management decisions made at the SOES and Regional Office level have 
placed other tasks such as Section 7 consultation on existing development 
proposals and management of currently listed species as higher priorities for 
staff time. Given the limited staff, the expectation of over 14,000 
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consultations nationwide in 1989, the enormous number of development proposals 
in California, and the potential for some of these developments to adversely 
affect listed endangered species, the decision to postpone further status 
surveys in California was appropriate. 
From a biological standpoint, it is difficult to prioritize protection of 
one species over another. From a management standpoint, prioritization is a 
necessity. There simply is not enough time or resources available to FWS 
staff to list thousands of candidate species by proceeding with listing all of 
the candidate species one by one. Those species facing the greatest threat 
must be listed first. It is believed that about 19 percent of all category 1 
and 4 percent of all category 2 candidate species may already be extinct 
(Reffalt 1988). Additional extinctions are likely as FWS proceeds on a 
species by species basis to list candidates. Reffalt (1988) suggests that FWS 
legislatively place all candidate category 1 species on the list. It may be 
appropriate to include candidate category 2 species as well. 
ADEQUACY OF THE INFORMATION 
The Endangered Species Act, Congressional Directives, Executive Orders, 
and FWS policy statements and guidelines all require specific types of 
information to be provided before listing can occur. This information 
includes basic biological data concerning the species in question and an 
assessment of the status and degree of threat (from a variety of sources) to 
the species' populations. This information should be provided by the status 
reports prepared for each species prior to the listing procedure being 
enacted. 
From 1983 to 1985, the SOES contracted to a variety of companies and 
individuals to prepare status reports for 7 candidate endangered species. All 
of these status surveys have been completed and the information provided in 
them has been used, or is currently being used, to make decisions on whether 
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or not to initiate listing procedures or to request other changes in status. 
(The salt marsh wandering shrew survey was used to request upgrading of the 
shrew from category 2 to category 1 and will, in the future, be used as the 
basis from which to begin a listing package.) No funding has been provided 
within the SOES for status surveys since 1985. 
If the decision to proceed with the listing is approved, the status 
reports are relied upon heavily to provide the necessary information for the 
listing package. The WESCO (1986) shrew survey was used by SOES to recommend 
upgrading the status of the species to Category 1. Without the survey, the 
recommendation could not have been made. 
Some status reports appear to be based on very limited information about 
the species of concern. This is because of a variety of factors. One factor is 
that only very limited published information may be available concerning the 
species, especially if the animal (or plant) in question is relatively unknown 
or is not associated with habitats that are in imminent danger of complete 
destruction. For example, there are over 2000 candidate category 2 
invertebrates including insects, snails, spiders, and crustaceans. Obtaining 
funding for original research on these animals may be significantly more 
difficult than it is for more charismatic fauna such as a subspecies of fox or 
owl, and unless a developer, agency, or corporation is planning on directly 
impacting potential habitat for the species, there is little impetus to 
initiate surveys. 
The field studies associated with the status surveys may also be limited 
in scope. This may be more a factor of the relationship between the actual 
funds available for the survey and who is chosen to conduct the surveys, 
rather than of the adequacy of the study design. For example, a University 
professor with a plethora of eager graduate students, can usually find someone 
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to conduct three months of live trapping studies for $5000. On the other 
hand, hiring a private consulting firm, with charge out rates of $30 to $45 or 
more per hour severely limits the actual amount of field work that can be 
conducted. 
The salt marsh wandering shrew survey was awarded at a budget of approxi­
mately $6500. For that amount of money, a private firm was able to examine 
only nine locations within the range of the shrew. Optimum study design would 
have provided for trapping at least three times that many locations. Seen from 
the in-house view, the job was bid as a loss-leader and went considerably over 
the time budgeted for completion of the project. Although no extra charges 
were made to FWS, the total real cost, based on charge rates provided in the 
proposal, was approximately $13,000. 
Other status surveys which were contracted out to private firms included 
the Catalina shrew, and the Suisun shrew. Both of these surveys provided the 
information required, but were limited in their actual field time assessing 
the existing populations or in the results of the field studies (T. Rado, 
SOES, pers. comm.). 
Status surveys awarded to private individuals and University professors 
appeared to produce a greater amount of field assessment than those awarded to 
private consulting firms. For example, the status survey for the Tipton 
Kangaroo rat was awarded to Dr. Dan Williams of Stanislaus State University. 
Using students to conduct the field studies he was able to trap more locations 
within the range of the animal than was the private firm hired to trap for the 
salt marsh wandering shrew. Total cost for the kangaroo rat status survey was 
approximately $6,500. Of note, however, is that Dr. Williams was also awarded 
the first Suisun shrew contract; he and his students trapped at several 
locations, but were unable to find a single shrew. (Williams 1984). 
Although actual field data may be limited, the information provided in 
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the status report is used to make recommendations on status changes. The 
guidelines for preparing the status report specifically state the kind of 
information that is required. This requirement is tied directly to the wording 
and the intent of the Endangered Species Act. Without the information 
provided by status surveys such as the salt marsh wandering shrew or Tipton 
kangaroo rat surveys, SOES would not have been able to recommend changing the 
shrew's status to Category 1 and would not be proceeding with listing for the 
kangaroo rat (T. Rado, SOES, pers. comm). 
Providing additional field assessment of the species also may not 
guarantee increased results. For example, two contracts were awarded to 
assess the status of the Santa Catalina shrew. Over 10,000 trap nights of 
effort were expended in an effort to locate and capture the shrews. (3600 
trap-nights were expended for the salt marsh wandering shrew survey.) Only two 
individuals were found (T. Rado, SOES, pers. comm.). The limited results can 
be attributed to a variety of factors, including, but not limited to the 
methods used, limited population numbers or distribution, trap placement, or 
seasonal or yearly fluctuations in population number. It is unlikely that 
increasing the effort would have yielded significantly different results. 
The most apparent shortcoming of the WESCO (1986) status report was the 
low number of sites examined in the field. Only nine locations were trapped 
within the range of the salt marsh wandering shrew. This level of field effort 
included three weeks of trapping with 100 traps at each site. This level of 
effort was deemed the most efficient use of time and materials available by 
both the consulting firm and FWS. Total proposed cost for the field effort 
alone was $3,600 (55 percent of total budget). Increasing the number of sites 
trapped would have resulted in increased costs at a rate of approximately $500 
per site. Actual costs would have increased approximately $1,500 for each 
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additional week of trapping (3 locations per week could be trapped most 
efficiently). This is based on charge rates of $35 per hour for trapping. 
Increasing the number of sites examined for the salt marsh wandering 
shrew may have yielded increased data on the distribution of the species and 
could have provided additional basic information on the species, its habits, 
and life cycle requirements. However, because other live-trapping for salt 
marsh harvest mice had previously been conducted within the shrew's range, and 
since data was available from these studies, both SOES and the consultant 
agreed to a limited field effort at lower total cost to the government. In 
addition, since species independent threats such as the historic loss of 
habitat were well documented, extensive field time at several locations was 
not as necessary as may have been required had habitats remained extensive. 
Because of the availability of other trapping data, the information 
provided in the salt marsh wandering shrew survey was adequate to assess the 
current status of the salt marsh wandering shrew. Had the other data not been 
available, it is likely that the low level of trapping could not substantiate 
recommendations for listing. Additional trapping would have likely been 
required. 
The Endangered Species Act, congressional directives, and FWS guidelines 
require that listing be based on the best biological information available 
about the species. Status surveys are designed to provide a concise synopsis 
of existing information on the ecology of the species and to provide 
information which would support (or discourage) listing of the species. 
The guidelines that FWS has developed for preparation of the status 
surveys adequately cover the requirements for detailed biological information. 
These guidelines require status reports to include a synopsis of the best 
available biologcal information on a species including discussions on 
geographical distribution, habitat requirements, population biology, taxonomy, 
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and evidence of threats to survival. Status reports which are prepared 
following the guidelines, such as the report covering the salt marsh wandering 
shrew, provide adequate and substantial basic biological information as 
required by the Endangered Species Act. Additional sources of information on 
the species, knowledgeable individuals, and interested parties should be 
referenced in the status report. If additional information is required, these 
individuals can be contacted or the documents can be obtained. 
The basic information provided in the status survey on the biology of the 
salt marsh wandering shrew includes references to all known and available 
studies on the species, documents information about the biology, habitat 
requirements, and distribution of the species, identifies knowledgeable 
individuals and collection locations, and provides a listing of landowners on 
whose property the shrew currently occurs or potentially could occur. The 
status survey follows the FWS guidelines and meets the requirements outlined 
in the Endangered Species Act. It is likely that the information provided in 
the status survey will eventually be used to recommend listing for the salt 
marsh wandering shrew (T. Rado, SOES, pers. comm.). 
Other status surveys which have followed the guidelines include surveys 
for the Suisun shrew, Catalina shrew, and Tipton kangaroo rat. A listing 
package is currently being prepared for the Tipton kangaroo rat and will 
likely be completed in 1989. Both the Suisun and Catalina shrews have been 
recommended for upgrade of status from Candidate Category 2 to Candidate 
Category 1, and listing will likely proceed similarly to the salt marsh 
wandering shrew. Without the status surveys as prepared, even with limited 
results or associated field data, listing could not proceed (T. Rado, SOES, 
pers. comm.). If status surveys are prepared that do not provide the 
information requested, they would not be adequate to complete the listing 
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process. For example, the status survey on the California black legless 
lizard (Bury 1986) provides a substantial amount of detail concerning the 
distribution of the species, however it does not adequately assess the threats 
to survival of the species. Additional information is required before listing 
can proceed (T. Rado, SOES, pers. comm.). 
Funding for status surveys are pre-set by FWS management through program 
budget allocations. FWS staff must complete the status surveys with budgets 
that appear related to a percentage of the overall program budget and not 
related to the tasks associated with preparing a status assessment. Basically, 
FWS staff are forced to make the best use of very limited funds for status 
surveys. FWS management goals of listing a specific number of species per 
year can result in even lower funding levels for each particular status 
survey, or may even preclude new starts of status surveys. 
The information FWS asks for in the status surveys is adequate to assess 
the status of the species in question. Inadequate funding of the status 
surveys, however, may limit the ability of researchers to acquire substantial 
field or population data concerning the species. 
CRITICAL HABITAT REQUIREMENTS 
Procedural Concerns and Enforcement 
The primary intent of the Endangered Species Act is to provide a mecha­
nism for protecting endangered species and their habitats. Critical habitat is 
defined in the Endangered Species Act as: 
( i )  t h e  s p e c i f i c  a r e a s  w i t h i n  t h e  g e o g r a p h i c a l  a r e a  o c c u p i e d  b y  t h e  
species, at the time it is listed ... on which are found those physical 
or biological features (I) essential to the conservation of the species 
and (II) which may require special management considerations or 
protection; and 
(ii) specific areas outside the geographical area occupied by the species 
at the time it is listed ... upon a determination by the secretary that 
such areas are essential to the conservation of the species" 
Critical habitat for each listed species is supposed to be determined 
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during the listing process. Section 4 of the Endangered Species Act states 
that the Secretary "to the maximum extent prudent and determinable ... shall, 
concurrently with making a determination under paragraph (1) that a species is 
an endangered species or a threatened species, designate any habitat of such 
species which is then considered to be critical habitat". The 1982 Amendment 
to the Act states that a final regulation designating critical habitat "shall 
be published concurrently" with the final determination of endangered or 
threatened status of the species unless 1) the Secretary deems it necessary to 
designate critical habitat sooner, or 2) critical habitat is not then determi­
nable. In the second case, where critical habitat is not immediately determi­
nable, the Secretary may extend the time period by one year, but "by not more 
than one additional year". Following the one year period the Secretary "must 
publish a final regulation ... designating, to the maximum extent prudent, 
such habitat". 
Subsequent FWS policy statements, Congressional Directives, and Presi­
dential Executive Orders have created a situation where designation of 
critical habitat is an extremely lengthy and cumbersome process. This is 
primarily because of the requirement to assess potential economic impacts of 
identifying critical habitat. Critical habitat has been designated for only 
103 of the 1001 endangered species listed worldwide (Campbell 1988). 
Critical habitat is a central feature of the Act's enforcement mechanism. 
Section 7 of the Act emphasizes the importance of protecting habitat vital to 
a species' survival and requires that federal agencies plan their projects 
(and permit issuance) with consideration for the critical habitats of listed 
species. Section 7 requires that federal agencies consult with the Secretary 
of Interior (FWS) to insure that actions and use of agency funds do not 
jeopardize listed species, or their critical habitat. Without formal 
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designation of critical habitat, the legal basis for protection of habitats 
which are currently inhabited by endangered species has been questioned. 
For example, the endangered salt marsh harvest mouse is known to inhabit 
both tidal and diked non-tidal salt marshes around San Francisco Bay The 
harvest mouse's habitat overlaps that of the salt marsh wandering shrew. 
Regulatory, management, and procedural problems arising in cases that affect 
the harvest mouse can also influence the salt marsh wandering shrew. 
In addition to tidal and non-tidal salt marsh habitats, the harvest mouse 
has also been found in upland areas surrounding these marshes (WESCO 1986, P. 
Sorenson, FWS, pers. comm.). A recovery plan has been developed for the mouse 
but includes no formal designation of critical habitat (FWS 1984). Specific 
areas are identified as "essential habitat" for the continued survivability of 
the species, or as areas with a high potential for restoration. Essential 
habitat, although worded in context with the definition of critical habitat in 
the Endangered Species Act, is not the same as critical habitat, nor does it 
provide the same legal protection. Essential habitat classification appears to 
be a method by which FWS staff can identify critical habitat without 
officially designating it as such, and without proceeding through the economic 
impact assessment. 
Decisions concerning the potential impacts of development proposals or 
other land management actions on the mouse or its habitat are based on field 
studies to determine the presence or absence of the species, and on past 
knowledge of habitat use by salt marsh harvest mouse populations. 
Proving presence of a small mammal such as the salt marsh harvest mouse 
or the salt marsh wandering shrew is relatively easy. Only one mouse or shrew 
need be captured in one trap to prove the presence of the species. Proving 
absence is a much more difficult task. Recent studies indicate that trapping 
may be required for up to 24 consecutive nights to prove within reasonable 
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statistical parameters that a species is not present (Dr. H.S. Shellhammer, 
pers. comm.). 
Over the past several years, developments have been proposed within areas 
adjacent to occupied salt marsh harvest mouse habitat. The Fish and Wildlife 
Coordination Act, Clean Water Act, National Environmental Policy Act (NEPA), 
and California Environmental Quality Act (CEQA) all require that permitting 
agencies solicit comments from other resource agencies (including FWS) 
regarding proposed projects. 
From these laws and through the Section 7 consultation process (outlined 
in the Endangered Species Act), FWS provides opinions to permitting agencies 
such as the U.S. Army Corps of Engineers or local governments regarding the 
potential impacts of proposed projects to the harvest mouse and other 
endangered species. If a proposed project would adversely impact the harvest 
mouse, FWS typically will cite the harvest mouse recovery plan (FWS 1984) and 
recent field data to issue a negative opinion concerning the project. FWS will 
also outline any identifiable or potential impacts on the affected harvest 
mouse populations resulting from development as proposed. This response is 
commonly referred to as a "jeopardy opinion", and typically results in denial 
of the project as designed. Often, the developer redesigns the project or the 
mitigation plan and resubmits it to FWS. The process can continue 
indefinitely with redesign after redesign, to cost both developer and FWS 
substantial time, energy, and money. 
From a preservation standpoint, the actions of FWS may be warranted. 
However, without the legal basis that formally designated critical habitat 
implies, these cases can end in litigation, or a long and expensive process 
(for both the developer and FWS) of internal agency appeals. In addition, 
formal opinions provided by FWS relate only to listed endangered or threatened 
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species. Candidate species are not included. 
Direct Disturbance to Habitat 
Very few people are willing to argue that habitat for endangered (and 
possibly candidate) species should not be protected in some way. However, when 
development interests and endangered species become entwined in a battle over 
preservation of habitat without formal protection, the result can become both 
burdensome and disastrous for the species involved. 
An example of the limited protection afforded to a listed species' 
habitat involves the salt marsh harvest mouse and approved uses of wetland 
habitat. The salt marsh harvest mouse depends on salt marsh habitats for its 
survival. These areas include diked, non-tidal areas as well as natural tidal 
marshes. 
Activities such as the placement of fill within a wetland habitat, 
including diked salt marshes, is under the jurisdiction of the US Army Corps 
of Engineers (Section 404 of the Clean Water Act, and Section 10 of the Rivers 
and Harbors Act). To issue a permit for filling a wetland, the Corps must 
consult with FWS and other agencies responsible for managing the various 
resources associated with the wetland. 
One of the activities that is permitted in a wetland (including diked 
salt marshes) without formal authorization from the Corps is agriculture. 
Basically, one is allowed to disc up a wetland area, and plant and harvest 
agricultural crops without a Corps permit. The unofficial rule that seems to 
have developed concerning this process is that it is permissible to pull the 
soil in a wetland with a disc, but it is not permissible to push the soil with 
a blade or turn it over with a plow. 
The difference between discing and plowing is insignificant to a salt 
marsh harvest mouse or a salt marsh wandering shrew. In either case, all of 
the vegetation is removed, and most likely several small mammals, including 
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salt marsh harvest mice and possibly the candidate salt marsh wandering shrew, 
would be destroyed. 
This occurred in 1986 on a project in the south San Francisco Bay. Known 
occupied salt marsh harvest mouse habitat was disced for the purposes of 
"agriculture" during the time live trapping studies to evaluate the 
distribution of the mouse on the site were proceeding. Previous studies had 
identified areas where salt marsh harvest mice were found and one of these 
areas was disced. Several live traps were destroyed, and most vegetation was 
removed. 
The FWS enforcement branch and wildlife refuge employees, CDFG wardens 
and unit managers, EPA personnel, and private consultants descended on the 
property and searched for dead salt marsh harvest mice. None were found. 
The legal basis for criminal or civil penalties in this case was based 
solely on the whether or not a "take" of endangered species actually occurred. 
Although "take" is broadly defined in both federal and California law, the 
real basis for action was whether or not dead salt marsh harvest mice were 
found. Since none were found, the landowner was given a warning, and was 
allowed to continue with his activities. No formal charges were filed. 
During the same year, a decision was reached in United States v. Akers 
(785 F2nd 814 [9th Cir. 1986]). In U.S. v. Akers, the court ruled that 
agricultural practices are not exempt from Section 404 permits (under the 
Clean Water Act) if the practices are incidental to, or a major portion of, an 
effort to convert the wetlands to uplands. This decision may require "farmers" 
to apply for a Section 404 permit for discing some wetland areas. If so, the 
Corps would be required to consult with FWS before issuing the permit. If 
endangered or candidate species habitat were involved, it is likely that FWS 
would request mitigation for the losses. It is still too early to know what 
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effect this ruling will have on agricultural practices within salt marsh 
harvest mouse or salt marsh wandering shrew habitat in the San Francisco Bay 
area. 
Formal designation of critical habitat for the salt marsh harvest mouse 
would likely have strengthened the legal jurisdiction in the case of discing 
the habitat, and might have resulted in stiffer penalties. The Endangered 
Species Act (Section 9) states that it is prohibited to "take" any listed 
endangered or threatened species. "Take" has a broad definition in the 
Endangered Species Act that FWS and the courts had interpreted to include 
disturbance to officially designated critical habitat, but apparently not 
disturbance to essential habitat or even known occupied habitat. "Take" is 
defined in the Endangered Species Act as: "... to harass, harm, pursue, hunt, 
s h o o t ,  w o u n d ,  k i l l ,  t r a p ,  c a p t u r e ,  o r  c o l l e c t ,  o r  a t t e m p t  t o  e n g a g e  i n  a n y  
such conduct". 
The result of the lack of civil or criminal action by FWS (and CDFG) 
appeared to provide a loophole through which legal destruction of endangered 
species habitat could occur. It was apparent that this landowner, and others 
could continue their agricultural practices regardless of the effect on 
endangered species habitat. In the case of diked salt marsh habitats, the 
real value of the site for salt marsh harvest mice (primarily the pickleweed 
and other vegetation) could have been completely eliminated. 
It is also apparent that if habitat for listed endangered species could 
be legally destroyed, then candidate species habitat, which has no legal 
protection at all, was also in danger of being destroyed. 
Another 1986 decision involving a small Hawaiian songbird (the palila) 
has direct implications for destruction of salt marsh habitat in the San 
Francisco Bay area. In Palila v. Hawaii Department of Land and Natural 
Resources (649 F. Supp. 1070 [D. HA, 1986]), the District Court ruled that 
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destruction of occupied endangered species habitat "harmed" the palila. 
"Harm" is specifically mentioned in the Endangered Species Act under the 
definitions of "take", and this was the first court case where "harming" a 
species had been defined to include destruction of habitat. 
Based on the decision reached in the Palila case, it is likely that had 
the discing event described above occurred in 1987 or 1988, FWS would have had 
sufficient evidence to press charges of "taking" an endangered species. It 
appears now that critical habitat designation is no longer as important a key 
to protection of known or suspected endangered species habitats and that 
charges of "taking" may now be based solely on habitat destruction. The 
flexibility offered to the Secretary of Interior in deciding whether or not to 
designate critical habitat may be offset by court cases (such as the Palila 
case) that find that any disturbance to occupied endangered species habitat is 
"taking" that species. 
Since the salt marsh wandering shrew lives in similar habitat to two 
currently listed endangered species, the Palila decision likely results in 
increased protection for the shrew and its habitat. This decision, however, 
does nothing to protect candidate species whose habitat does not overlap 
currently listed endangered species. 
Economic Concerns and the 5th Amendment of the Constitution 
During the listing procedure that upgrades a candidate species to endan­
gered or threatened status, the Secretary of Interior is given some latitude 
in deciding whether or not to define critical habitat for the species of 
concern. There are several reasons why the Secretary does not define critical 
habitat more often. These usually include political, legal, and economic 
concerns rather than biological considerations. 
FWS is required to complete a detailed economic impact assessment when it 
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proposes to designate critical habitat. This is a long and burdensome process 
that was quite effective in slowing down the listing procedure early in the 
1980's, and typically requires a substantial amount of the already limited 
manpower available to the FWS endangered species program. 
Designating critical habitat for endangered species on public lands owned 
by FWS would likely not result in much furor. Designating critical habitat on 
private lands would create some problems. The Fifth Amendment of the US 
Constitution protects the rights of private property by stating that " ... nor 
shall private property be taken for the public use without just compensation". 
On March 15, 1988, President Reagan signed Executive Order 12630. This 
order requires federal agencies to assess whether their actions (including 
regulations, policies, or permit issuance) will invoke the Just Compensation 
Clause of the Fifth Amendment. Basically, this would require FWS to examine 
whether the upgrading in status of a candidate species, the listing of a new 
endangered species, the designation of critical habitat, or the issuance of a 
Section 7(c) opinion would result in a taking of private property by the 
government and result in an undue fiscal burden to the government. 
The impacts of this new Executive Order are yet to be realized fully. It 
is possible that FWS could end up in litigation over listings or consultations 
and that the increased burden of compensation could, at least internally, 
limit the actions that the agency is willing to take. 
It could be argued that the mere act of listing a species, the 
designation of critical habitat, or even issuing a jeopardy opinion on a 
proposed project during Section 7 consultations could result in a substantial 
deprivation of use of specific privately held properties, and that just 
compensation would be warranted. 
The U.S. Supreme Court has ruled that governmental action can amount to a 
taking even though the action results in less than complete deprivation of all 
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use or value of the property. However, the court has defined some very broad 
rules for determining whether or not diminution in value has occurred or 
whether the landowner has been left with a "reasonable use" of his land 
(American National Bank v. City of Chicago, 195 N.E.2d 627, 111. 1964; 
Riverside v. Bayview Homes, 106 S. Ct. 455, 1985). 
The Court has outlined several broad tests to apply when determining that 
a regulatory taking of property has occurred, however, the Court has had a 
difficult time developing any set formula to determine whether there has been 
a regulatory "taking". It has been argued that land designations which reduce 
the value of the land (such as over regulation) constitute a "taking without 
just compensation", however the U.S. Supreme Court has held that regulations 
may not constitute a "taking" if the regulations serve a substantial public 
purpose and if the landowner is left with a "reasonable use" of his land 
(Goldblatt v. Town of Hempsted, 369, U.S. 590,1962; Agins v. City of Tiburon, 
26 Cal. 3d 266, 157 Cal. Rptr. 372, 598 P2d, 1975). 
It could be argued that designating private lands as critical habitat 
(with all the development restrictions that would be included) may constitute 
a "taking", and just compensation may be required. In fact, it is likely that 
this is one of the reasons that critical habitat for the salt marsh harvest 
mouse has yet to be designated. The costs to the government associated with 
"taking" even a portion of the habitat for the mouse could be enormous. 
Because the designation of critical habitat is often viewed by landowners 
as elimination of all economically feasible use of the land, FWS may be 
required to pay for the acquisition of the property. Indeed, several parcels 
of private and corporate lands around San Francisco Bay have been identified 
in the salt marsh harvest mouse recovery plan as having a high priority for 
acquisition (FWS 1984). The actual cost of these lands will certainly be 
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debated, and the total cost could reach tens of millions of dollars. To an 
already stretched budget, acquisition of even some of the highest priority 
parcels may have to be postponed. Designating, acquiring, and managing 
critical habitat for existing and newly listed endangered species would 
certainly increase this fiscal burden. 
It could be surmised that if designation of critical habitat for listed 
species on private lands would invoke the Fifth Amendment, then it follows 
that attempts to preserve candidate species' habitat on private lands would 
also require compensation. It appears that unless a significant and 
substantial benefit is provided, many landowners are not willing to preserve 
endangered or candidate species' habitat on their lands. Although potentially 
costly, compensation to landowners, in the form of direct cash payments or tax 
advantages, is likely an effective means of preserving habitats. 
On September 28, 1988, President Reagan signed an appropriations bill for 
the Department of Interior that included funds for the purchase of an 
additional 20,000 acres for the San Francisco Bay National Wildlife Refuge. 
The funds are to be used to purchase not only existing salt marsh habitat, but 
also to purchase habitat that can be restored to salt marsh. Acquiring these 
lands will likely increase protection for the salt marsh wandering shrew and 
its existing habitat. Recovery and restoration of salt marsh habitats in the 
enlarged refuge will likely result in a long term net increase in suitable 
salt marsh wandering shrew habitats and, hopefully, an increase in the 
population numbers. 
PROTECTION OF SPECIES AND THEIR HABITAT 
The basic premise of management of endangered species around the San 
Francisco Bay Area seems to be that if an endangered species, such as the salt 
marsh harvest mouse, is present on or adjacent to a site proposed for 
development, the developer can fairly well guarantee himself a long, 
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protracted battle for approval of his project. Although there is no legal 
justification for including candidate species such as the shrew, FWS often 
includes candidate species in their concerns. This premise has proven itself 
time after time, and in a variety of situations throughout the region. As 
soon as FWS becomes involved in endangered species consultation, the project 
grinds to a halt and the developer is required to develop a comprehensive 
mitigation plan to compensate for the acreage and value of the habitats that 
are lost. Although this process usually results in protection or enhancement 
of endangered species habitats, the results are costly for both the developer 
and the regulatory agencies involved. 
In the San Francisco area, endangered species concerns are often tied 
directly to the issue of wetlands since many of the listed and candidate 
endangered species found around San Francisco Bay depend on wetlands for their 
survival. The process typically begins with a jurisdictional determination by 
the Corps. The Corps is required under Section 404 of the Clean Water Act and 
Section 10 of the Rivers and Harbors Act to issue permits for the placement of 
fill in wetlands or waters of the United States. To define jurisdiction, the 
Corps follows a detailed and comprehensive methodology to determine the extent 
of wetlands on the site. (Environmental Laboratory 1987). Once wetland 
boundaries are defined, the permit process requires official consultation with 
the FWS, EPA, CDFG, NMFS, and other federal, state and local agencies. 
Conflicts may arise in that these other agencies have adopted policies of 
wetland definition that are significantly different from those used by the 
Corps. The Corps uses three characteristics to define wetlands: soils, 
hydrology, and vegetation. All three characteristics must be present to define 
an area as a wetland. The other agencies' policies require that only one of 
the three characteristics need be present. 
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Regardless of the official designation, the presence of suitable 
endangered species habitat or habitat constituents such as pickleweed raises a 
red flag for the other agencies to become involved. FWS often will offer an 
opinion that endangered species may be adversely affected even when no field 
work has proven the presence of the species on the site. It would then be up 
to the developer to prove that the species does not inhabit the site, nor 
would it, if the site was returned to its natural condition. This burden of 
proof is an almost impossible task because most diked salt marsh or salt pond 
habitats could be returned to acceptable and even optimum habitat for endan­
gered species such as the salt marsh harvest mouse or candidate species such 
as the salt marsh wandering shrew. 
Unfortunately, candidate endangered species such as the salt marsh 
wandering shrew are not offered legal protection and FWS would find it 
difficult to argue for preservation of a candidate species' habitat in court 
without supporting documentation such as a status survey or an official 
recommendation for listing. However, during most Section 7(c) consultations, 
candidate species are included for assessment since it would be possible that 
these species would be listed prior to completion of the project. 
For example, a Section 7(c) Biological Assessment was prepared for a 
major commercial development proposed for abandoned salt ponds in south San 
Francisco Bay (WESCO 1987). The assessment included analyses of five listed 
species and six candidate species. A major nesting area for the candidate 
western snowy plover (Charadris alexandrinus) would have been the most 
severely impacted of all listed and candidate species' resources on the site. 
The FWS had no legal jurisdiction to offer a negative opinion based on impacts 
to candidate species or their habitat and therefore the official opinion 
written by FWS was based only on the expected impacts to listed endangered 
species and was not based on any identified impacts to the candidates. (This 
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opinion was also written without official designation of critical habitat for 
any of the listed species assessed). Although the opinion would result in the 
protection of habitat for the candidate species as well as the listed species, 
there was no legal basis for requiring protection for the unlisted species and 
any decision to deny the project based on potential impacts to candidate 
species would have been questioned. 
Another example involves a small hydroelectric project located in the 
Sierra Nevada. The project consisted of a small diversion which would operate 
seasonally during high flows, a buried pipeline to transport water, a small 
powerhouse, four miles of transmission line, and expansion of the road 
network. No federal or state listed endangered or threatened species or their 
habitat was present within or adjacent to any of the project feature rights-
of-way. One small cluster of a candidate category 2 plant was found within 
the diversion site access road right-of-way. No other populations of the plant 
or any other candidate species were located near the site. 
FWS, CDFG, and the California Native Plant Society (CNPS) objected to the 
project because of the potential impacts to the candidate plant, and required 
either avoidance of the population or relocating it to another location nearby 
before the project could proceed. The developer agreed to the stipulations and 
plans to avoid the population. 
Although the rationale behind the agencies' requests may have been valid, 
and preservation of the population will be accomplished, the legal basis for 
requiring the developer to do anything is extremely questionable. Had the 
developer wished, he could have simply ignored the requests. Since neither 
the candidate species nor its habitat have official protection, the agencies 
would have been hard pressed to convince the courts that their requests were 
binding. 
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Should a development be proposed within salt marsh wandering shrew 
habitats, the various commenting agencies would likely object for a variety of 
reasons including the loss of habitat for the candidate shrew. However, if the 
loss of habitat for the shrew was the only criteria on which the objections 
were raised, the agencies' objections would likely not be upheld by the courts 
and the habitat would not be protected. With the layering effect of several 
criteria including overlapping listed endangered species habitat, wetlands 
issues, and bay-front protection zoning, it is apparent that candidate species 
and their habitat can be protected. However, without the overlapping 
endangered species, it is possible, and probable that development could occur 
and candidate species' habitat could be destroyed. 
SUMMARY, RECOMMENDATIONS AND CONCLUSIONS 
SUMMARY 
The objective of this study was to determine whether or not the current 
practices for listing new endangered species were adequate to provide protec­
tion for those species. 
To assess this question, several goals were defined and addressed. These 
included the following: 
1) Provide a description of the process for listing a species; 
2) Describe the types of information that are required by FWS to 
initiate a listing procedure by using the case of the salt marsh 
wandering shrew as an example; 
3) Explain and evaluate whether the information that FWS requires is 
adequate and appropriate to assess the status of a species; 
4) Explain and evaluate what management decisions and agency 
considerations are involved when an animal is reviewed for an 
official status change, and how those decisions affect the selection 
of one particular status assessment over another; and 
5) Explain and evaluate whether listing of individual species is the 
most appropriate method for ensuring their continued existence, or 
whether other methods may be more appropriate. 
To meet these goals, this study was designed to examine a case study of 
the listing process for the salt marsh wandering shrew, a candidate endangered 
category 2 small mammal found in the salt marshes of San Francisco Bay. The 
study was based on the actual preparation of a status report for the species 
conducted for the U.S. Fish and Wildlife Service's Sacramento Office of Endan­
gered Species. Preparation of the report included a detailed literature 
review to compile all existing biological data on the species, field studies 
to locate populations of the shrew, interviews with experts on the species, 
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habitat mapping, and an assessment of the status, vigor, and trends of the 
population. The status of the shrew was tracked for two years following 
submittal of the report to FWS, and interviews were conducted with FWS and 
other agency personnel. 
CONCLUSIONS 
Based on the results of this study, the current practices for listing new 
endangered species were not found adequate to provide protection for species 
that are not currently listed as endangered, but are in danger of becoming 
extinct or are likely to become extinct in the foreseeable future. 
Several problems with the listing process have been identified. The 
listing of endangered species is a complex process and includes several levels 
of staff and management actions and decisions on the part of FWS. 
The status reports may not yield the suitable field data and may not be 
as cost effective as possible. This could result in additional delays to 
listing. The priorities for initiating a listing are often tied directly to 
available manpower and the threat of impending development on particular 
parcels of land rather than on a knowledge of severely limited geographical 
range or other biological threats to the species survival. 
One option for increasing the listing output might be to reallocate 
existing manpower within SOES and the Ecological Services Branch to proceed 
more efficiently with listing packages. It may be appropriate to transfer 
much of the Section 7 consultation duties to the Ecological Service Branch and 
thus free up time for SOES staff to work on listing packages for candidates 
and recovery plans for currently listed species. SOES staff could take a less 
active role in consultations with developers and focus their Section 7 
consultation time primarily on in-house coordination with Ecological Services. 
Communication between branches is currently very good, and offices of both 
branches are next to each other in the Sacramento Federal Building. Because of 
86 
the proximity of their offices it is unlikely that communication would change 
significantly. 
It is likely that some additional training for Ecological Services staff 
would be required, but because most staff are presently familiar with 
endangered species issues in their jurisdiction, extensive education would not 
be required. 
One solution to the problem may be to increase funding and manpower 
allocations to the field offices specifically to compile listing packages and 
follow through with the listing procedure. Additional personnel should include 
experts in the fields of mammalogy, ornithology, herpetology, and especially 
invertebrate zoology. Unfortunately, while it is unlikely that the number of 
potential listings will decrease, it is doubtful that existing federal budgets 
would allow for substantially increasing full-time employees (FTE's) at SOES 
and it is unrealistic to assume that simply pumping more money and people into 
the program will significantly increase listings over the short-term. 
One option may be to develop a seasonal employee program within the SOES 
and other field offices. Seasonal employees are typically hired for 180 days 
or less and approximately 2 to 4 seasonal employees could be hired for the 
same costs of maintaining one full-time employee. Seasonal biologists or 
wildlife technicians could be hired at the GS-4 to GS-7 level to prepare 
listing packages, or, more importantly, to conduct status surveys under the 
supervision of existing full-time employees. Seasonal employees could work 
throughout the spring, summer, or fall seasons or during the best field season 
for the specific species' status survey to occur. 
The National Wildlife Refuges successfully use seasonal employees for a 
variety of management tasks. It is likely that SOES, and other field offices, 
could develop a program that uses relatively low-cost seasonal employees on a 
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regular basis to conduct surveys and prepare status reports. Technicians could 
be used to conduct live-trapping studies of small mammals or herptiles, 
nesting or breeding surveys for birds, or even entomological and other 
invertebrate surveys. They would also be responsible for compiling and 
reviewing literature on each species and preparing the status report based on 
FWS guidelines. It is suggested that over the long-term, addition of seasonal 
technicians would significantly reduce costs associated with the preparation 
of status surveys, and could lead to an increased amount of field data being 
obtained for each species. 
Acquiring the biological data required to support listing, preparation of 
a status report, compiling a listing package, and obtaining all appropriate 
approvals can require several years and take up a considerable amount of local 
field office staff time. One possible problem with the salt marsh wandering 
shrew status report is the limited amount of field work on which it was based. 
It is likely that one seasonal employee could have prepared the status report 
for the same amount of money, during the same time constraints, and 
conducted more field studies. 
While the species is a candidate but not officially listed as endangered, 
there is no formal legal basis for protection of either the species or its 
habitat. Given the large number of candidate species that are currently listed 
for review, and the fact that only one listing package per year can be 
produced by each of the 57 staff members nationwide, it is doubtful that FWS 
will be able to adequately protect all the candidate species that may 
eventually warrant protection. It is likely that without some form of legal or 
regulatory protection several of the existing candidate species will become 
extinct or their populations will significantly decrease by the time a listing 
package can be prepared. Some mechanism should be devised to ensure that these 
species are protected until FWS has enough biological information to recommend 
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either de-listing or official designation as endangered or threatened. 
I propose that the Endangered Species Act be amended to include 
provisional protection for candidate species and their habitat, similar to 
that offered officially listed endangered species, at least until status 
reports have been completed and information concerning the species are 
available and a recommendation has been made for status change. Those species 
whose status would be downgraded to Category 3 or de-listed would lose the 
provisional protection. For those species which would be upgraded to Category 
1 or officially designated threatened or endangered, the provisional 
protection could be made permanent. 
Preservation of a species' habitat is often the key to preserving and 
recovering a declining species population. Often, endangered and candidate 
species are directly dependent on one particular kind of habitat that has been 
declining because of urbanization, agricultural development, or other man-made 
or natural factors. Restoration of declining habitats and preservation or 
enhancement of existing habitats can often result in increased and stable 
species population numbers and is often the key to maintaining genetic 
diversity and overall health within the population. 
Preservation, protection, and increase in size of specific habitat types 
may be an even more important goal than that of preservation of individual 
species. Many of the listed endangered and candidate species are dependent on 
similar habitats. In California, there are several listed and candidate 
species dependent on tidal and diked salt marsh habitats. These include the 
salt marsh wandering shrew, salt marsh harvest mouse, salt marsh yellowthroat, 
California clapper rail, California black rail, two species of birds-beak, and 
one popcorn flower. Other habitats in California that support several listed 
or candidate plants and animals include the alkali sinks in the southern San 
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Joaquin Valley, estuarine sand dunes on the Sacramento River, serpentine 
outcrops along the Coast range, and riparian forests and woodlands. 
Because of the relationship between many endangered and candidate species 
and very specific habitat types, it could be argued that it would be more 
appropriate to provide regulatory and legal protection to the habitats 
themselves rather than to the individual species found in them. The California 
Natural Diversity Data Base (CNDDB), a state sponsored computerized tracking 
system designed to provide distributional information of species also provides 
a listing of special native habitats that are declining in the state and 
warrant attention. It is no coincidence that many of the special habitats 
identified by CNDDB include habitats that support listed endangered or 
candidate plant and animal species. Listing of the habitat by CNDDB however 
does not equate to legal protection. 
Vegetational or geomorphic associations such as cottonwood-willow 
woodlands, California vernal pools, California native bunchgrass prairie, 
coastal salt marsh, or wind-blown sand dunes should be provided protection. 
These associations, and others, often provide habitat for several officially 
listed or candidate plants and animals, and provisional protection of the 
habitat would ensure protection of those species dependent on them. 
Providing a blanket provision for protection of specific habitat types 
could be a problem. The definitions of habitat types would need to be very 
specific. Methodologies would need to be developed to define and delineate 
boundaries of the habitat types. Other problems may arise in assigning 
relative value to the various forms and ecotypes of the habitats. Legal and 
technical debates would rage for years during the definition process. A 
permitting process would likely be required for development within the 
habitats, and specific mitigation guidelines would be needed for each. 
Consultation time required of agency representatives would likely increase, 
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and new listings of species could decline. 
Based on recent court decisions (Palila v. Hawaii Dept. of Land and 
Natural Resources, for example), occupied and perhaps even potential habitat 
for officially listed species' is, and will remain adequately protected. 
Habitat for candidate species, however, is not protected. 
The salt marsh wandering shrew was identified as one of the most severely 
threatened species in the San Francisco Bay marshes. This conclusion was based 
on a very limited geographic range and isolated and segmented populations and 
habitats. Although neither the shrew nor its habitat are offered legal 
protection, the species and its habitat are currently protected by the 
presence of two officially listed species, the salt marsh harvest mouse and 
the California clapper rail. It is apparent that the presence of one or two 
listed species can provide a blanket of protection for several candidate 
species that are found in similar habitats and geographic ranges. 
Perhaps the key to ensuring that candidate species survive and that their 
habitats are preserved is to provide protection via official listing of one 
or two priority species within each declining habitat. Priorities for listing 
should be based on habitat type and immediate threat to the species. In some 
instances, such as the Tipton kangaroo rat found in the alkali sink habitats 
of the southern San Joaquin valley, FWS has proceeded with listing of a 
candidate species that would provide some protection to the habitat and the 
other plant and animal species associated with it. In other instances, legal 
protection is lacking, but could be obtained with the listing of one or two 
key species. 
For example, the willow flycatcher and yellow warbler are protected in 
the extreme southern portion of their range by the presence of the listed 
least Bell's Vireo. The vireo, however, is found only in a few isolated river 
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drainages and is not found within willow thickets along mountain streams in 
California's Sierra Nevada or Cascade ranges. Willow thickets have 
experienced a sharp decline in these areas because of grazing, timber, and 
other activities within the region. Initiating listing for either the warbler 
or the flycatcher (by either the state or federal agencies) would ensure 
protection of many of the willow riparian habitats within the region. Similar 
priorities should be devised for all of the declining habitats within the 
state, including, but not limited to, native bunchgrass prairie, coastal and 
montane wet meadows, old growth redwood and pine/fir forests, and central 
valley vernal pools. 
RECOMMENDATIONS 
The following summary of recommendations could, if implemented, provide 
increased protection for both candidate and endangered species, and increase 
the efficiency with which species are listed. 
1) Increase the manpower available at the FWS field office level to compile 
listing packages and follow through with the listing procedure. These 
persons should be experts in the fields of mammalogy, ornithology, 
herpetology, and especially invertebrate zoology. 
2) Develop a program where additional seasonal field office personnel would 
be assigned the sole task of preparing status reports and listing 
packages. This would likely be the most cost effective means of 
acquiring and compiling data on the candidate species from both litera­
ture sources and field investigations. One seasonal GS-7 biologist, on a 
180 day appointment could work full time on two to three status surveys 
per year. The employee would be under the direct supervision of the full-
time staff biologist responsible for the particular species in question, 
and should be able to devote a significant amount of time to the acqui­
sition of field data. 
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3) Provide a mechanism for reorganization of the field offices which would 
assign staff to either Section 7 consultations or Section 4 listings and 
recoveries. When staff time is prioritized so that consultations 
dominate, the listing process can suffer. The efficiency of preparing 
listing packages would likely increase (as indicated in the March 1987 
memo from the Director [FWS 1987]) by separating these two functions. 
This would be especially true in areas such as California where 
development proposals overwhelm existing staff. 
4) The designation of critical habitat is a major component of the consul­
tation and enforcement clauses of the Endangered Species Act. Official 
designation of critical habitat for all new species that are listed as 
endangered would provide additional legal recourse for the Protection 
Branch of FWS enforcement of the "take" clause of the Act and to the 
Ecological Services Division consultations on development proposals. 
5) A program for listing or providing formal protection for specific 
habitats or plant communities might be appropriate. Most listed or 
candidate species are in jeopardy because of the loss of their habitat. A 
new category should be examined for inclusion under the jurisdiction of 
the Endangered Species Act. This category could include threatened or 
endangered natural habitats or plant communities. The habitat types 
could be tied to one or several of the existing habitat classification 
schemes on a state by state basis. In California this could include 
definitions as found in the California Wildlife Habitat Relationship 
Model (WHR), the FWS wetland classification system, the California 
Natural Diversity Data Base list of sensitive plant communities, U.S. 
Army Corps of Engineers wetlands determination methods, or the plant 
communities described in Munz and Keck (1963) or other descriptive state 
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floras. If backed by enforceable regulation, this could provide increased 
protection for several listed and candidate species, and may preclude the 
need to list many candidate species dependent on these habitats. 
6) Prioritize listings of new endangered species to provide blanket 
protection to various habitat types and other non-protected candidate 
species. One or two candidate species (plant, animal, or invertebrate) 
from each of the state listed special, declining or sensitive habitats 
should be given highest priority for listing. Candidate species which are 
currently provided protection from other listed species with overlapping 
habitat requirements or geographic ranges should receive lower priority 
for listing. 
7) Legislation could be developed to provide tax benefits to individuals 
who protect rare habitats and species. For example, individuals who 
sacrifice economic gains to protect threatened and endangered species or 
their habitat should not be taxed on the value of the higher economic use 
of the land, but rather should be taxed at a significantly lower rate (if 
at all) designed specifically for habitat preservation areas. In 
addition, incentive programs could be developed for agreements between 
federal and state agencies and private landowners for the creation of new 
permanent habitat areas. 
8) Reffalt (1988) suggests that "perhaps it is time to summon the foresight 
and courage to legislatively place all candidate category 1 species on 
the official list without further ado". I agree, but would also include 
interim protection for all species classified candidate category 2 as 
well. This final recommendation suggests the development of some legal 
basis for the protection of all candidate category 2 and category 1 
species. Current policy and legislation provides no protection for 
either these species or their habitat. Development or land alteration 
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can legally occur without mitigation on property that supports candidate 
species. Some solidly based legal mechanism is needed to ensure 
protection of these lands, at least until a decision to proceed with the 
listing procedure is made. If the eventual decision is not to list, or 
to downgrade the status to category 3, then development should be 
allowed. Such an interim protection status could be provided by either 
congressional approval or Department of the Interior policy action. 
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PERSONS CONTACTED FROM 1985 THROUGH 1988 
The following persons or organizations were contacted from 1985 through 
1988 for the status survey of the salt marsh wandering shrew, for development 
of this thesis, or in the course of work for other projects which included 
endangered species issues. 
U.S. Fish and Wildlife Service, Sacramento, California 
T. Rado, Biologist, Sacramento Endangered Species Office 
P. Sorenson, Biologist, Sacramento Endangered Species Office 
J. Bartell, Botanist, Sacramento Endangered Species Office 
S. Pearson, Senior Agent, Enforcement Branch 
C. Goude, Biologist, Ecological Services 
K. Miller, Biologist Ecological Services 
T. Richardson, Biologist, Ecological Services 
W. White, Chief, Div. Endangered Species, Portland, Oregon 
T. Harvey, Biologist, San Francisco Bay National Wildlife Refuge 
California Department of Fish and Game 
F. Botti, Biologist, Yountville, California 
C. Wilcox, Biologist, Yountville, California 
P. Kelley, Biologist, Yountville, California 
J. Gustafson, Biologist, Sacramento, California 
R. Schlorf, Biologist, Sacramento, California 
J. Mensch, Environmental Services, Rancho Cordova, California 
R. Remple, Biologist, Fresno, California 
U.S. Army Corps of Engineers 
L. Vinzent, Regulatory Specialist, San Francisco, California 
V. Reynolds, Regulatory Compliance, San Francisco, California 
S. Moreland, Regulatory Specialist, San Francisco, California 
P. Baer, Regulatory Specialist, San Diego, California 
U.S. Environmental Protection Agency 
C. Morris, Regulatory Specialist, San Francisco, California 
R. Leidy, Regulatory Specialist, San Francisco, California 
Academia 
Dr. D. Williams, California State University, Stanislaus 
Dr. H. Shellhammer, San Jose State University 
Dr. R. Rudd, University of California, Davis 
Dr. B. Stein, Museum of Vertebrate Zoology, Berkeley, California 
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Other State, County, City and Local Government Agencies 
M. Valentine, State Lands Commission, Sacramento, California 
D. Hansen, Midpeninsula Regional Open Space District, Los Altos, 
California 
T. Lindenmeyer, East Bay Regional Park District, Oakland, 
California 
W. Sakamoto, Hay ward Area Recreation and Park Department, Hay ward, 
California 
Alameda County Planning Department 
Contra Costa County Planning Department 
San Mateo County Planning Department 
Santa Clara County Planning Department 
Alameda County Flood Control Department, Hayward, California 
Bay Conservation and Development Commission, San Francisco, 
California 
J. Iserson, City of Union City, Union City, California 
Private Corporations and Individuals 
M. Vaughn, Leslie Salt Corporation, Newark, California 
S. Foreman, Western Ecological Services Company, Novato, California 
Standard Oil of California, Richmond, California 
D. Ivester, Lawyer, Washburn and Kemp, San Francisco, California 
J. Thorpe, The Shorelands Corporation, Hayward, California 
R. Murray, R. Murray & Assoc., Monterey, California 
J. Doolittle, Northwest Power Company, San Francisco, California 
Organizations 
National Audubon Society, San Francisco, California 
B. Saltzman, Marin Audubon, San Rafael, California 
Sierra Club, San Francisco, California 
APPENDIX 
Summary of Trapping Activities, Trapline Locations, 
and Museum Collections Consulted 
MUSEUM COLLECTIONS CONSULTED 
The Museum of Vertebrate Zoology (MVZ) in Berkeley and the San Jose State 
University (CSSJ) Mammal Collection were visited to examine specimens for this 
report. 
Other museum collections cited from past studies include: 
National Museum of Natural History (USNM) 
University of Kansas (KU) 
California Academy of Sciences (CAS) 
San Diego Natural History Museum (SDSNH) 
Los Angeles County Museum (LACM) 
University of California, Davis (UDAV) 
Carnegie Museum (CM) 
Summary of Trapping Efforts Conducted in Conjunction with 
a Status Survey of the Populations of Salt  Marsh Wandering Shrews 
in Contra Costa,  Alameda, Santa Clara,  and San Mateo Counties,  California 
Trapline Location Microtus Mus Reithrodontomvs 
mesalotis 
Reithrodontomvs Sorex 
raviventris ornatus 
halicoetes 
Mowry Slough 1 4 
(Alameda County) 
Dumbarton Point 9 10 
(Alameda County) 
Crit tenden Marsh 6 10 
(Santa Clara Co) 
Bair Island 8 1 
(San Mateo Co) 
Corkscrew Slough 19 4 
(San Mateo Co) 
Alameda Creek 5 7 
(Alameda County) 
Hayward 3 8 
(Alameda County) 
Coyote Creek 1 3 
(Alameda County) 
E. Palo Alto 7 14 
(San Mateo Co) 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0*a 
0*b 
0 
0*c 
0 
0*d 
0 
0 
0 
*a 4 individuals 
*b 2 individuals 
*c 1 individual 
*d 2 individuals 
observed under cover 
observed under cover 
observed under-cover 
observed under cover 
X 
X 
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